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computerized system for the reduction of midd le atmospheric electrical conduc-
tivity data obtained by either blunt probes or Gerdien condensers is developed• in this report. This particular system uses the Digital Equipment Corporation
(DEC) POP 11/10 minIcomputer Interfaced with the DEC LPS1 1 Laboratory Peripheral
System, DEC LA36 writer II , Hewlett Packard HP3960 Instrumentation Recorder and
Tektronix 603 Storage Scope. Assembly Language and FORTRAN IV programs were
developed under the DEC RI—li operating system to perform data digitizing,
acquisition , storage, disp lay, processing and finally prin ting out the ‘results.
DO FORM

I IAN 7) 1473 EDITION OF I NOV SI ll OBSOL E TE

/ / ( SECURITY CLASSIFICATION OF THIS PAGE (~~~mi Data

- 
_~~.‘-~~~ -~ ~~~~~~~~~~~ .~~~~. — - _—~~~~~~ ~~~

- -
~

- - - - -
~

-- --~~---——



—S.. ~ 
~~~~~~~~~ - ~ ~ T”-

~~

• - -.— ~5—- - ~
____

~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘~

-•
~ 

- . 
Si~*~5• 

~~

SECURITY CLASSIFICATION O~ THIS PAOI(IThmi D&a Xtit., .~~

20. ABSTRACT (cont)

~~~~~~~~ The conductivity values from the computerized data reduction system were found
• to be consistent with those obtained by manually scaling the demodulated data

waveforms from a strip chart (the method previously used for reducing the data).
lo fact, the computerized system is believed to be a more accurate and rel iable
technique. The method was also observed to enhance the range of sensitivity ,
i .e., the altitude region over which data can be reduced from a particular
experiment.~~~
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SECTION 1

- 

• INTRO DUCTI ON

a

B l u n t  probes [hale and Hoult (1965); Hale (1967); Hale, Moul t

and Baker (1968)] and C er d t t n  condensers [Pedersen (1964); Rose and

l~idJeI (1972); Conicv ( 1 97 4 ) ;  Croskev , Hale and Leiden (1977);

~itcheIl , Sagar and O~~;e ’n (1977)1 are presently being f lown on rocket

aaJ bJ ’~loL ’t ’ sys t ns to measure e l e c t r i c a l  conduct ivi ty  in the middle

at~~osr h Cr c .  T~~e C~~r .1icn c udons er  h:is the addit ional capability of

~- c I n g  ab le to  measnr - i~~ t :‘~ub i 1 i t y  and charge number density [Pedersen

(1~~4); Croskev (l’~~6); S~~;.~r (1976)1. Both of these experiments are

• being u t i l i z e d  to study  ion i za t i on  process in the middle atmosp here .

In p a r t i c u l a r , such p henem~ na as m i d l a t i t u d e  sunrise condition [Mitchell

et al. (1977) ] and the P—r eg ion “t- ,inter anomaly ” [Mitchell , Hale , Olsen ,

R.andhawa and Rublo (1972); Mitche l l and Hale (1973)], a solar eclipse

[Baker and 1!ale (1970)], a polar cap absorption event (P.ale (1974)] and

the high—latitude , middle atmosphere during geomagnetically disturbed

• conditions [Olsen , Mitche l l  and Croskey (1976)1 have been studied using

rocket instruments. A balloon—borne blunt probe experiment on the recent

STRATCOM flights has also proven useful in studying the temperature de—

pendence and altitude dependence of electrical conductivity in the strat-

osphere [Mitchell and Hale (1973); Mitchell , Hale and Croskey (1977)].

l~ith the recent miniaturization of the blunt probe to make it corn—

• patible with thc super Loki meteorological rocket system , and with this

particular inntrument now commercially available [Olsen (1977)1,

ii
-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ -- ,. ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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the number of blunt probe rocket flights has increased appreciably.

This, in turn , has resulted in the need for computeri~ cd data pro—

cessing and reduction techniques to improve both the speed and

accuracy of these tasks.
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S~ C 1 ’I ON 2

1~~~~~
- h I ’ :~. 1 ~~~~ .\h0 ;~.p~t i  - :~~ (h~~:h1 ~:s i :’~ 1.XF i i~I~~ Nh’ s

a

2. ! x :- .- r f t t at  1~t : . ~ ~Z t f . n

• The  s ’e-~& ’ u t c  l ’ I i ; : : t  p r ac ~1! .iie ~~ a l .  ( 19h 5 )  ; P i l e  ( 1 9 6 7 ) )  and

,:o:~. , - n C . - r  1 1 c i e r - s e n  ( 1~~~-~) ; Ct ~~~ h c v  (1976) ; Say~.ir (1976)]

t ’y :~ e -j ~ tcn no , i su r~’ e ‘ c t  r I c .t I N ’fl h i -  t iv it  v and In addi  t on , the

Ce r~i I ca C • ‘t~~.e r n~ ~~
; I • ~u ” o h  L i l t  v ~a -! c har g e  ~~~~ or  dens i t  v .

W~~~’:i i o i u - h - J t i ; i n ~ a r o c k e r  • t h e  p.iv load se pa r a te s  f r o m  the  m o t o r

at •i:- o.~.’e ( ao~a i n a i l  .- at  70 to ~O 1~:’: ond do ~-cn . l s  to h c .~ r o un d  on a

p ~r . i e h u t  . I h o  d a t a  a r .  t t ’ 1 • ‘-ct e r o l in 11 Ig l it  back  to  t h e  rccc iving

st  i t t o n  ‘h .  r-  t h e  i : i t c t c i t  i o u  F C . ’! dod on r~ i~~f l o t  ic t a~’C.

ftc h~ u n t  pr ’hc C :  :‘c~ l :- : . n t  ~~~~~~ i u i ~ l i l l y  LI. ’:; i c i ~c I  in t h e  nld

• 1~ u .’) ’ s [i ~d~ . ~~t i l .  ~~~~~ P a l . ’ ( 1°~~7)  1.  U t ’  t l : o o r v  of c ar :t ~’~

partlcl.. co l Lo t iou f a r  t h t s  in s t r u : ’~oa~ i n d i c a t e s  t h a t  t o  f i r s t  order ,

t h  ~~o]  I c  -~~ i -or  c u r r e n t  I~ nt ’i ! ! i or  dc t en, : eat  on t h e  d e s cen t  ~‘e 1 ocj t v

nor  r h o  p oa du l : :- t. ~ i on  of  t h e  I - ay~~o t d  as i t  d e c ~-~~1o on a p ar a c h u t e

[PaL- ~ t i l .  ( l~~t’~~) ;  I t o u l t  ( i ° o~~ ] .

~-11 It t h e  re . ’ : i . ci t V .’ I o’,’’ient o r t ’r e  ~. tab i 1 .:.-J ~‘a r a c hu t  C s s t  ens ,

he p -~~ lb  I v o~ a s u b so ni c  Cc rJ ~.‘u condenser cxrertncnt for i r ea —

sur i :~i i :~ :-.‘I~ iii ~~~ and h t ~ ~.‘ n u : : : h .r  d e ns i ty  (i~~~th  of w h i c h  are I 1. - ’.~

1 p t - n h u t  ;‘~~u .  i t  c i  i s  n . ~ fo as  i i ’  . Thus , s ; o u i c  G or d i e n  con—

denser  ex t ’  - :- i 1:- c u t r I i v  i a i: on suc h s tab  i ii  ~cd p a r a c h u t e  sy s t  cn~

have I’ c’eu r oo~’n’ I ’ ’  dov .  l c ’ r t d  [ F ar r o k h  ( l a 7 5 )  ; Croskc ’.’ (1976) ; Sagar

( 1) 7 ~~) ]  t . ’ ~‘t ’ .1•~I ; r t -  t h e ; . ’ t - l . - .- l r l c a l  p a r a m et e r s .

I
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The particular instruments for which the computer data reduction

• acheme in this report was developed are flown cn standard tneteorolog—

i~al rocket systems such -a~ tbc Areas and super Loki rockets. The

1CCO MHz tranwliitter and m o d u l a t i o n  system is compat ib le  wi th  those

used b y the ~cte. rolo~;tca1 fl chet N etw cr l ;  (~ i J )  , t ’ u~ m u k ! n~ i t

possible to launch the inst rumcr . t s  at any ~ t.N r oc l :u t  r au~ e ~The

MeteorologiLal  ilocke t ~et~:ork Document 11—64 (1965)) .

2.2 Current—Voltage a 1 a t i o n sh ~ ps

The blun t probe uses a c i r c u l a r  p lanar  co l lec tor  geometry  f or

charged p ar r i c i e  c o l l e c t i o n  (see Figure ( 2— 1 ) ) .  Tlo~ currunt of co1—

l~ ctcd cha r~ cd p ar t i c les  Is dc& ~c r 1bed b y thu  e q u a t I o n  [Ha le ‘i1~~6 7 ) ;

1~itchel1 ( 1973)] :

I’ = -
~~—-~~-— a (‘

~-l)L R ±

where r and r~ are th~ radii of the collector and the outside of the

guard r~ a- , r esnec t ive l ;’, and u~ is e i the r  the posi t ive  or negative

• e lectr ical  c~ n d u c t i v i t ’ ‘ThJch is de f ined  as fo l lows:

e (2—2)

= N~ _ e + N e (2-3)

Ln the above cxnr essions , 
~~~~~+ 

(N~, ) represents  th e  concent ra tion  of

po si t iv e (negat ive)  ion ’; of  the  i t h  speci~~ and p 1,~ (p
s, ) is its

_ _ _  —‘.-• -~~--~~--- —---1 
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re~pec tive mob il  I ty value • The c ’ccucou t  rat I on and mob l ilt v .c I I roe

elect ross a t’o N and t ’ , r osp e ’.’ t lv i ’ 1 y , and t’ t o p  r esents  the  .nagn I m dc’

of the charge for  an e l e ct r on .

If  th e  c o l t  oc ’ I or volt age ’ Is a ramp f u n e ’t t on , I t is i ’ i i ’ I j9’,~~ c it ’ t e c

determine 010.’ t r I c a !  .‘ cc n. l i i . ’ lv  i t  v Ic y me ’astir t u g  (.1 I 
• / e t V ‘I an t i  u s i ng  t he ’

following equat ion :

, d l
c~~~~ )

‘l’ti1~ appro ach l’eluc ’ve ’s I hi ’ p rot c I i’m ol  h ay I t ig t et l e t  c c i i  l v  lue ’a s t%re ’  t ho

s cu r ren t  ;tttd v o l t  age ’ i n  ele ’t e ’rni t n t  ug o ,

c ’ c ’ ( L eo t ed  e’ ha t’gt’ par I c ’ I e c i c I ~ t’en t is mc ’.I o u t  e~I i cy an  e ’ l o c —

tromt ’ter  [:~tnuuer man ( 1t 1 7 I ~ ~ hou~ e’cI in s  lilt ’ t ho p r obe , and i he ’ e ’ I cc ’ ( t o —

met ci- ~s au.e log out  p u t  s (gnu  I Is e’ouve i t  i’d I o ,e ne ’c’, a t I vi ’ put 1 so w a v e —

orm hav ing  a I t - eqecouc ’v p r op er  t I oi i .u I to t he ’ e’ l e t ’ t rome I or ~o out  p u t t

Vt) I tage • The’ pu [so wave I c c  i’m In  t i c  ru modu I a t i ’S tin’ t i’itnsm i t t  ci’ c c i t t  p u t t  •

Thus , t he ’ ~ xp~ ess (on b r  ‘ In Eq. I, 2— i, can new be Wi’ I t  t o n  In  I ho

f o r m

R t . 1 t  Je~~c i 
— 

.
~ ~ - 

~~~~~ /.u —

r (-Al . ( A t

wlie’ El’ I is the inodu i . c  t ton I r ec lueni ’ v • ‘ e ’ r re ’s p~~ n ei t o g t c c t lie i n — I  I t  ght

measurement  0 1 e ’ec l i e . ’ I e’cI ch a t  go p a rt  i . ’ l o  c uut ’ i ’ e ’uit I • l’ r (or  t o

la unch , a lit g lu — v a  1 neil , p roe 1st ec u I i’s 1st ei 
~~(‘AI~ 

t i-i cOflfli ’ t’ t ed be- twootu

the coil ot’ t tug and i t’  t u r n  • ‘ I o ct  rocie ’ic • t huts I • ‘e ’d t u g  .c ~‘ ,e I I b i a  t hun c - c i t

r ent to  t he’ t’ I i’c t t ome’ t e ’i  • The resci I I tug  t e l  e’me’ t o  i t’d wav e ’ I o t  iii

Is rt ’e’e tve ’el th reueig h t h e ’ I t ’  I e ’me’ i i  v sv st  i’m j ’i  I c c t t i c  I l i ght  and t o c e c i t i e ’ .1
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on magnetic tape. In Eq. (2—5), the value of thia calibration

resistor is and the slope of the modulated calibration wave-

form during the sweep portion Is (d f !dt ) cAL
.

For a Cerdien condenser , the collector geometry consists of a

c yl in d r i c a l  c o l l e ’to r and an outer , concent r ic  cylindrical re turn

e lec t rode  (see F i g u r e  ( 2 — 2 ) ) .  A voltage waveform is swept between

th ese  t~,o elc (- t r~’-~t’L; and the resulting current of charge particles

col lected on the ir r ~er e lec t rodes  is measured . Using a similar

c icat r on ic s  sys tem and p r e f l i ght ca l i b rat ion  procedure [Sagar

( l 9 7 ~ ) ]  a~ f o r  the b l u n t  pr c !’e , t he exp r essio n o
~ in the Gerdien

c cr u ~ n~ er ’ ~ Ln’ar re-~ion of oI)erat Ion is

ln(r /r
1
) 

~ 
(df + / d t ) DAT A

C — — —-——--- ---—--- —
~~

— (2—6 )2~ ~ - R. (df/dt)
CA!. CAL

t i ’  t he above exp r e s s i on , r , r 1 and £ are the inner radius of the

r et u r n  e lect r od e  and the  r a dj u ~ ~nd leng th  of the col lect ing elec—

trod~ , respt~ctivelv. A~
-
~ain , is the resistor value used in

tur ..ll ’~l w i t h  the condenser to generate the  preflight calibration

cu r r en t  r e s u l t i ng  in the r ,to dul a t ln g  f r equ ency  
~CM.. ’

If the f low through the a s p i r a t o r  can be determined , then the

Gerdien condenser ’s cylhndrical electrode geometry also affords the

opportunity for measuring the Ion mobi l  l i v  and charge number dens i ty .

• The r edw ’t iun . f  the Gerdlen condi-nser ’s current—voltage response to

obtain the mobilit y information requires the determination of the

voltages at which the d i f f e r e n t  ion m o b i l i t y  groups are en t i re ly

_
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collected out of the  air samp le passing through the aspirator. The

determinat ion of these vol tage  values  requi res  a f u r t h e r  analys is  of

- 
- the probe ’s 1—V response and was n o t  considered In the scope of this

research .

j 2,3 ExperImental Procedure

- - As mentioned previously, the rocke t experiments are usually con—

j ducted at Meteorological Rocke t Nctu&’rk (MRN) l a u n c h  sites. Prior

~ to launch , the i n s t r u m e n t  is o p e r a te d  Lu the  p r e f l i ght  ca l ib ra-

tion m ode as discussed earl [or. The rt’sul t i ng  t r a n s m i t t e d  s igna l

Is received and recorded on m aguot i c  t ap e . An example of this wave—

form showing the ca lib ra tIer~ frt’quencv ~‘c ’r s u c s  t ime  is given in FIgure (2—3).

The t t ’ !e ’me ’t rv  s v s t c m n  t i - ; c d f o r  ot c~ , i L ~~i i i t ~ t b ’  i n—f11~~ht dj tj  Is

• t h e  same as t h a t  use .! d u t r i m i ~ t h e  p r t - f  1 t~~ht  eahi b r it ien. In addi:Ion ,

t I m i n c ~ in fo n n at i o n  is recorded on an o t h e r  channe l  of the t ape recorder.

While the probe is descending on a parach ute , a ground—based radar

system measures the  posit ion and veloc -i t v  of t h e  Inst  rumt’nt as a func—

~ion of t ime and thus the  e l e c t r i c a l  c o u d u i : t i v i t y  dat a , which are also

recorded as a f u n c t i o n  of t i m e , can later he determined us a function

of alt itude.

The ac tua l  redu c t  t on  of t he  da ta  wavefo rm s occurs at a later

time in t he  1ahorator~’ . R ep r e s en t a t i ve  da t ,’i waveforms for both the

blunt probe and the Gcrdlcn cond en ser  are also sho~.’n In Figure ( 2 — 3 ) ,

As discussed earlier , the electri cal conductivity va l ues are propor—

tional to the designated slopes of the modulated data waveforms and

thus , the data reduction procedure involves determining the slopes

S

— 
•.• ,—- - ~~~~~~~~~~~~~~ ~ - 
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~~~~~~~~~~~~~~~~
dt)
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Figure (2-3) Representative Waveforms
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of these par t i cu la r  wavefor m s (Ma le ( 1967); Mitchell (1973) ; Sagar

- 
- (1976)1.
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SECTION 3

DATA REDUCTION MINICOMPUTER SYSTDI

3.1. System Functions

3.1.1 Introduction

The overall mtnice-.puter system performs two general functions

in reducing the e l ec t r i ca l  c o n d u c t i v i ty  data , namely,  data  acquisit ion

and data p rocessing . The data acquis i t ion  procedure Involves the

transfer and storage of data from the originally recorded magnetic

tape to a DEC RK1I/RKOS disk. In transferring the data , which tnt—

tially are a series of negative pulses in the frequency range of 0

to 200 pps , the time period between the leading edges of consecutive

pulses are measured using the R~al-T1 e Clock Ci  the DEC LPS11 Labora-

tory Per ipher al System and the di gitized values are stored on the disk.

The processing of the data involves such tasks as waveform seg—

mentation and disp lay , the removal of spurious noise f rom the da ta

wavef orm, and actually determining the slope , I.e., (df +fdt)D~T~ 
or

~
f/dt)

cAL of the waveform for a designated time interval.

A discussion of the DEC l’PP 11/10 min Icomputer and LPS1I Libora—

to ry Peripheral. System , whI ch are inh erent  to bo th ~f these data re-

ductio n funct ions , ~i1l be discussed in later sections of this sect ion.

Also, a user ’s manua l  of this system is presented in Appendix A.

3.1.2 Data Acquisition System

The block diagr,in of the data acquisition system is shown in

Figure (3—1). The data inputs originate from the tape transport unit

I
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C11P3960 Instrumentation Recorder). The output waveforms from the tape

transport unit are of three general types: calibration data , in—fligh t

data and timing data (record ed simultaneousl y with the in—flight  data) .

The calib ration and in—fl i gh t  data are recorded in the form of a nega—

t ive—pu lse modulated signal which is the input to Schmitt trigger 2

of the Real-Time Clock. The time periods between two consecutive

- 
- pulses are measured by the Real—T ime Clock as digital integer values.

Also, the accumulation of digital integer values i~ used to determine

t h e  time of the data waveforms as referenced to the launch time for

the payload .

An opt ion.il method for determin ing the relative t imes corre-

spondin g to the data wavetotms involves using the simultaneously re—

corded timing data on the r~agnetic tape . The timing Information is

demodulated to a tixed rate , otf set binary signal . Sinc e the signal

Is not compatible with the LFS11 Laboratory Peripheral System ’s di g— —

ital input port , It Is fed into an analog Input channel and sampled

usina Schmitt trigger I il red by an external osci l lator  running at

about 30 1J1z .

All the digitized data are stored on the RKll / RK O5 disk of which

the storage capac i ty  is more th au 1 .2 millIon 16—bit words.

3.1.3 Data 1’ro~essing System

The data processing systea is used In an off—line or delay—time

sense after data are in i ti a lly stored as described in Section 3.1.2.

The block diagr am ot the da ta processing system I~ shovn in Figure

(3—2). The Central Processor Unit (CPU) o~ the minicomputer performs 

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ -
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all the numerical functions and calculations such as determining a

straight l ine  f i t  to the d a t a  w a v e f o r m  by the lea s t—squar e s  meth od ,

setting a criteria for waveform segmentation , etc . A Tektronix t~Oi

Storage Scope is used to display the waveforms for determ ining the

regions which provide ( d f / d t ) c~~~. ~
h i +/ d t )

~~ TA or t J f / d r ) D~ TA . The

LA36 DEC wri ten 11 is used to input  tl i ~ sI gnal to cont rol th e  pi ce s—

sing and to print out  a hard cop\ ’ of the results .

3.2 NW I l !lO_ M i n t e o m p u t e r  S ’ m

The P1W 1 1/ 1 0  m i n i c o~~i ’t t t  or svs torn (RI—l i Svs te rn  R o fe r e n c e  M anual

(19 .’ ~~~ I n c l ud e s  a & ‘cut  r a t  l’v oces~ or U n I t  (CPU ’~ , a t’oro memory , a

lar ge  number of p~ n i p her a l  dev ices  and e xt en s i ve  s o f t war e  • I t  p r ov ides

the d.* i s t  rag e , pr o c.~ s i n g  and p r i n t o u t  f un c t i on s  . The svs t em com-

ponent s and pert phe r i is c o n n e c t  t o  an d commun to at ‘ w i t h  each o t her  on

•i single hi c~t -
~~~ peed bus known as t he UN IBU S . Addre ss , data and cent vol

I niorma t ten art’ Sent ileng the 5t~ l i ne s  of the  bus . The form of

C O  t’~”.ttn (cat  to n is the  sant’ for eve v’ devic e’ on the UN I BUS. Each dcv Ice ,

Inc m d  t ug  r ’omo t-v tec i t  ion s , processor reg i sters  and peri pher al  registers ,

t~. .iss t t ~ncd an address .

The (‘en t r at  Proc e ;c r Pu it Is connected to t ho (1NI BUS .as a ~uh—

sy s t em . It  p er f orm s a r i t h m e t i c  and l o g i c  opera t ion s , instruc t ion de-

coding , and dat a I r ae is  fe rs d i r e c t  lv  hc tw ~ en the input /output (I/O)

dev ice s  and memory . •

The core memory Is viewed ,is a series of 1oc~ tions , with  a number

(nddre ’ss~ assigned to each location . The PD? 11/10 memory is designed

to accommodate both 16—bi t  words and 8—hit bytes . A 16—bit word used

-~~~~~~~~~~~~
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f~’r b y t e .’ add~ ess i r ~ can i~~~r e  a r~~x 1~~um ot 32K words. However ,

add re~ ses ~ t o  t a d  t h e  t op  ‘
~ 

wurd  loca t i ons  have been

reserved by the  sv~ .t t t ho interrupt end t r a p  han~fl ing • processor

stacks , genera reg I.~t ers • and per i p ht r a l  d e v i c e s  registers • and there—

f or e  • ~i > i ::~an of 2S}~ of c ’  cc I r e -  t t o  be. p cog r.ua~ed . h owev er

only 16K wor ds of  core  h av e’ been i :uplc :ucnted In this minicomputer

system . The arteunt of r~ass s t o r ee c in t h e .’ m i n i c o mp u t e r  is a n o t h e r

important coas~~!erat ~on i n t h i s  s st em . The P1W 11/10 S stt ’rn  haB a

RK11/RKO 5 d i s k  and Ivo  ig\~~l cass e t t e t ape  d r i v e s  which can he used for

i~~ ed Ia te  r~e s.’ s t~ ’r .~~~e .  The-  RK11/RKO 5 d i s k  has  a maxi mum s tor a ge

capacity of over  1.2 i:~i l l i o u  1 6 — b i t  w or d s  pe r disk and a data transfer

speed of I L . [ u i  0 t o s t eotids y- s ) pet  eco rJ • ~tu RK 11 /R }~0S disk is f e s  t.

enough and has enoug h s t o r i g o  c~ p .ec t v o r al ’oti t one.’ hour of f l i ght  t line.

F o r  t xamp Ic , t the  ave r age t r c ’quenc v  of t h e  1 e.~h t d i  t i  is 100 U: , t h i s

rcqu i t -es 360 ,000 i n b i t—words  of s t  or .e~~e. c ap . l e .’ i t if every d a t  i point  is

t o  t e e. s tored .  Thus , i f  10,000 dat  a p o in t s  ir e  t r an s f e r r e d  f rom memory

t o c i t  ion to t h e  d i s k , i t  on.l t a k e s ~. 111 second.  Also , if  the d i r e c t

memory access 4~DMA) operation is u sed , i t  t i kes  less  than  1 m i l l  iseceud

(ins’)

The ca sset te  d r i v e  sy st e m  is too e lew to be used w h i l e  the da ta

ace~u is it on svste.’m it ;  r u n n i n g  s ince  t h e re is  not  enough time t or  t a p e .’

pos i t ion ing  an d da ta  t r J n S~~L’r t r e r ;  rteta o rv to  c a s se t t e  tape. At ter the

data have been p r eccssc  1 and stored on a d ~~~~ the casset tes could be

used as a -he tper fern of storage for backup .

The c om mu n i c a t i o n  h c t t ~e . c n  the u e~er and the  minicomp uter is also
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an I m p o r tan t c o n s I d e r a t i o n . The I’DI’ 11/10 Hye~tem has a LA36 DEC

writ er II whi ch i t ~ used as a console fu r  i n p u t t i n g  the control data

and printing Out the’ necessary information. The LA36 DIC writer II

1s loaded with many practic al functiona l and operator features such

as 30 character per secon l t h r o u g hpu t  (accompl ished  by a 60 lIz ca tchup

mode), infinitel y variable vert ical forms adjustment , variable forms

.,idth , and multi—part fonts; c ap a b i l i t y .

3.3 IPS11 .  L abo rato ry  P cr l Th er a l  Syst em

The LPS 11 Labor .et  or v Per  i ph er a l  Sy cm Inc  ludes a progrimmab Ic

Real—Time C lock  w i t h  two S c l n e i t t  t n l p g e ’t s , a D i sp l ay  Con tro l  w it h  two

12—bi t  f l /A con v er t e r s , an t i  .i I 2 -- b  i t  A / 1  c o n ver t e r .  I t  is a h i g h  per-

formance , modu 1 ar and r e e l  — t  t i  s t e b t ;v . ;  t em t h a t  in t e r  f a t -es w i t  ii the

P1W 11/10 inl. n I c o m p u t e r  via t h e ’ t~ I ~~ . The f l e x !  bi 1 ity of the  system

makes it  w e l l  su I ted f o r  i var  l e t  v o f app i i  c i t  tons  such as da ta  col lee.—

Lion , men I t or I n~ and r oduc  t i o n  . \ l i  o-k di agr .-lnt of t I ; i t ;  s t  cm is

shown i n  F i g u r e ’  ( 3 - - i ) .

3.3 . 1  1 P~~- ’ . P r o g r a m m a b l e ’ R o a I — T ; u  ~ l i e c l - ~

T h e  1PSK W Ne ;el  — ‘l’ l r .tt ’ C l o c k  o~ r i -  s e v e r i i i u e . t i t o d s  f o r  e c c t i r a r e l v

m e a su r i n g  end count  l u g  in  t e r y e  I n  e ’r & ‘ V e ’I t  I ;  . A b l o c k  d i a g r am  I t ;  shown

in Fi gure ( 3 _ t i) .  The c l o c k c l i i  he ii ~ oel I c e  sv u c h i r o n i ,~ ’ the .~ centr al

pr oce ~or to e x t  e m l  oven t ; , eci t ic i  I e x t  e t i m  I e.’ve i t t  , metiset re lot c rva I s

of tire between events , acid provide ’ i n t e r r u p ’ s  at programmable inter—

vals . It can al :;o  Ice s i t t ; e ., t  L u  s t ar t  t i l e’ analog—to— digital converter by

means of t lie ’ ever f l o w  f r o m  t h e  c l o c k  coico t or  or by the f i r i n g  of a Sehi mi t t

t r I gge r. Many of the.” t . o p e r a t i o ns  c-i n t,c p e r f or m e d  c o n c u r r e n t l y .

________ 
________ 
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-

‘ , The clock will generate one of five crystal—controlled frequencies:

1. }fllz, 100 kllz , 10 kllz, 1 kHz or 100 lIz , and operate in any one of four

program mable mode’s: sing le Interval , repeated interval , externa l event

— timing and event counting from zero base. The Real—Time Clock may

also use an external (Schmitt trigger) input or a line frequency input

as a time base.

Two Schmitt triggers which are Included with the Real—Time Clock

can start and read the clock, start the A/fl converter and cause pro-

gram interrupts.

3.3.2 LPSVC Display Control

The LPSVC Display Control is used to d i s p lay data  in the form of

a 4e 096io X 4,O96
~~ 

dot array on the scope. The Display Control (see

Figure (3—5)) consists of an N7019 Scope Control Module and an A625

Digital—to—Analog converter Module wbich must  be used with the M7-015

Bus Control. Under program control , a bright dot may be produced at

any point In this array, or a series of t iese dots may be programmed

to produce a graphical output.

Output operations of the Display Control , which may output to either

an X/Y recorder or a display unit , arc  accomp l ished by loading the

status register and the X or Y register. Thro ug h use of status regis-

ter bits , the Disp lay Contro l , wh ich  e~ erate.s t h e  Tektronix 603 Storage

Scope has the c a p a b i l i t y  of l n t c n s l t v i n g  the c o n t e n t s  of X or \ reg isters ,

indicating when the scope in read y ter intens itic atlon , providing erase,

write—through , and non—stop control functions for the storage scope ,

and enabling interrupts.

__—.-

~~~



- - - —-- - -
~~~~~~

- 
- _ _

22

M7019
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Figure (3—i) Disp lay Con t r o l  Block Diagram 
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3.3.3 LPSAD—12 Analog—to—Digital Converter

The LPSAD—12 is a 12—bit successive approximation A/D converter

which can sample analog data at specified rates and store the equivalent

digital value for subsequent processing. The block diagram of the AID

converter Is shown in Figure (3—6). It consists of four functional

modules: an 1’17018 A/D Control module, an A804 A/D Converter module,

an A406 Sample—and—Hold module and an A407 8—Channel A/D Multiplexer

module.

- - - - - - —--—-.—---- ‘------------ -- - - ---—_-~~ -~~--- --- -- A
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SECTION 4

DATh REDUCTION PR0CRA !~ IING

Thia se-tion discusses the implementation of the software pro—

gra nsuing for reducin g the electrical conductivit y data. All of the

programs were written in Fortran I’.’ and Assembly Language under the

RT—ll system . ylow charts and listings of the programs arc gi~ en in

Appendices B and C, respectively.

4.1 Pulse Frecu enc” and T i n t i n g  M easurement s

In determining the pulse  frequency of the  data waveform the Real-

Time Clock in used to measure  the  t i m e  i n t e r v a l  between the 1cadin ~

— edges of consecu tive pulses .  The p r o g r a m m i n g  of the Real—Tim e (‘~.oc k

uses the sta tus registe r and buffer/pres et register , which are des—

ignate d by lb—bit ~~ rd s and lo c at e d  ct  the  addresses of .1 70404

and 170406 respectivel y .  When the status register is loaded , it

enables the counter to count at a desi gnated r a t e ;  It controls

the rate of the base frequency (100 ll.~ to 1 ~fliz); it causes an in-

terrupt if its flag is set; and it  count s  the event timing from zero

base by starting when a pulse t-ome~; from Schmitt trigger 2. Schmitt

trigger 2 is used to shape the dat. w aveform by converting the neg-

ative going dat.i pulses to  a t r a i n  of n eg a t ive  pulses wi th  th e’ same

frequency and a pul se ’ width of a ppr ox im a te ly  2 ~is. Each pulse from

• Schmi tt  trigger 2 sets the Interrup t flag and causes the transfer of

the contents of the buffer/preset reg iste r to a temporarily reserved
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buf fe r  I n nerno z- v , na t 1.1 a l l  th e si gnals on magnet  Ic t~cpe have been

digitized hin d tored In •~I~ ital foi-m on the disk. Therefore , th e

number of c ou n t  s i ~i propoi- t I~ na1 t o  t he  t ime hut  er~’.i 1 of t - m

secut ive pul ~~c~ and inversel y preport tonal to the pulse fr&-qucncy.

ror exampl e, if the 100 kti~ clock frequency is used , the nuab cr  of

counts for  a 100 pulses p~’ r S t O  (pps)  wave f o r m  is 1 ,000 and t c a

~~~ PP$ w av e f or m , i t  is 40O~

However , I the t i~s I t i t  cc-va I c t  two consecu t  lye  p u l se s  is

greater th a n 0 . 6 5 5 3 5  sec cud t In- h csc c o i  ceeucv c t h e  c l o c k  is tOO

the number ~: -octuts ul 11 be greater than 65535
~o 

w h I c h  is the

maximum v a l u e  t h a t  t b  1- ’ - ~ i t  but  f o r  1--vese t  r eg i s t e r  can hand le .

An i nt e r r u p t  .~~rv t o t ’ rocu ~ in c  and an lu t erru p t waiting icop are used

when a t ime i n t i r ul  ~ete : c t n two comae- ut ly e  p u l s c~ is greater than

0 • h 5 S ~ S so -  • An in to x icemilue r w it b in I ho tn t or n ip t w a it  tug 1oop Is  ~o

proport icuul to the  nec ~5 ’r  o t t Ir ees tha t the w at t  ing icop has been

completed b~~t w t ~~n the two consec utive pulses. Also , the instruction

t (me oc the ‘ - c  i t t  n~ loop e c u  he ‘a l c u l a t  ed.  Thus , an est locate of the

watt ir•~ l ’oe ’ ’ - ; tot ul ‘xe CUt I on  time a ct u a l ly  gives the time interval ot

the two ~oc•s .-.’ut iv i’u1~a~s. For example , if the instruction t ime for

a comp l e t e - w u 1 t [ n ~ loop is ~3 .2± l O~ t s  and the waiting loop has been

complete’.i 8.’
~
8l() t j ~~t 5 , the index number will decrease by 1. Thus ,

If the Index n :’el t -r  [ a — i t ’d ) , the t. (rue Interval of these two pulses is

65.535 seconds.

The “i,’Rt TE ” request  is a “programmed request ” th a t Is an assem-

bler macro c.-t l l  w r i t t e n  i n t o  the program and interpreted by the

PDP 11/10’ ’ r’’nitcr it the pro~;ram execution t ime. I t  is used to

_ _ _ __
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tranerer a specific number of data points from a temporarily reserved

buffer of memory to the dIsk. The control of the Central  Processor

- J U n i t  returns to the program Unmediattcly after the request Is queued

(sl ms). The storage of data points requires double—buffered I/O

techniques, i.e., the contents of one of the buffers are transferred

from memory to the disk while the other buffer is filled immediately

without Interacting with the previous buffer. Since the data are

digitized and collected from the tape recorder which Is continuously

running, the “WRITE ” request interrupts the Central Processor Unit

f or less than 1 ocs, which oceans that only pulses greater than 1 kils

will be lost.

Since each block of the DEC RKII/RKOS disk contaIns 400
8 

(256
~o
)

16—bit words, the number of words of every b u f f e r  reserved in memory

is usually an integer multit-l e of i.e., every buffer could

contain lA400~ (6400
iO) 16—b it words (.5 blocks).

The “TTYIN” request Is used to r e c ei v e  tho characters from the LA36

DEC writer II. All of the characters received are in the form of ASCII

Code. Thus, a subroutine “TTlN” is u~sed t convert the characters from H

ASCII Code to numerical values .  For example , the 16—bit word 34465
8

(the higher by te is 071
8 

and lower byte 065
a) In ASCII Code eonvertB

to a numerical value of 59 w.
Typ icall y ,  the data recorded on magnetic tape for one hour occupy

about 900 blo cks (230 ,400 16—bit words) on thn disk, of which approxi-

mately 200 blocks are for the prefli ght calibration waveforms , 80

blocks for the data between the launch of the rocket and the separa-

tion of the payload from the rocket , and the remaining 620 bl ocks for

the in-fllght data.

— 2~~.,_ 
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4 .2  WaveIorm Segmentation and Reator~~~

For an easy access to each waveform for data processing , the data

are segmented on an individual waveform basis with the da ta  points

stored in seven blocks (per waveform). The restor~d dat a are assigned

a different file name on the disk, and the original data f i l e  is used

as a back-up.

For a typi cal experiment , usually ten to twenty pret light cali-

brat ion waveforms and one hundred or more in—flight data waveforms

are recorded on a m a g n e t i c  tap e’ . Referring to Figure (2—3), moat

waver ocriis ce~nta  in th ree  I’orr u -us: a hog using port Ion of low fre-

quencies , a reg ion of incro .ceceng t’requeu~ tes, and a final portion of

r e l a t ivel y h l g b  and almost coccatant frequencies . Segmenting the data

ti-ito ind ividual waveforms wa~ accomplished by recognizing the general

features of the  l ’ogtnn. t og p or t i o n  of the next waveform .’ In doing th is ,

several hundred t o  a thousand or more data  points  are extracted for  a

complete calibration or i n — f l i g h t  waveform.

-
. 4.3 P it a  P i sr lav

Al thoug h each dat a  w a v e t o c  re has certain general characteristics ,

the large var lab t l i t  v ci the co~ t r a t  por t  Ion of the waveform leads to

no s imp le .c~ d d epe ndable  me th od ~-t  so i tw ar e  progranmcing to ex t rac t  the

I in~ar r egions  which will provide t he  v a lu e s  of (dt’
~
/ dt)

~AT~ 
from

vhh’h the ci eOt r teal ~‘onduc t iv  i t  v Is det ~‘cd ) . An examp le ot how a

complete waveform Is d t s p l . c v e d  cs shown in F i g u r e ’ (~~— l ). The values of

the hori zontal coo rdi nuti ’ indicate ’ the’ sequential number ot the data

points  and t he Se a Ic 1:; .i t use t con o t t i me’. The vat uca and scet it ’  of 

-- - -~~~~~-_--- -- -~ 
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~~~~ t ’ v. -r ~ : c _ u l  c c - : - ~ ~ e ’ i~ a o ’ c c t  i o u  f I r e qu c n e-v in H!. Ther e—

~~:e , :~~~- - S~
- I~~~’

. ac t c ” ’ - e~~~t Ie ’ n c V  a~ ; .1 f u n c i  ion of time.

--‘ it ‘~ -: a - e • ( ~~ , • ~ic t .cr v ,uv . Fret~ut- 
-

- ‘ .1 i - -~ 
- ‘ t h - - 

~-c t o  r i  ar e  i- c~~i i I red ~‘ — c o  11 p1 av I ng on

the ~~~~~ . c ccl ~: i .  ~~~~~~~~~~~ h~’t ~,oou  t~ u c r i *-~’i  v a l u t - s of t h e

. t ~~- - , . - ! ~~ ‘r: t~~ptTh~i i :~~ V t ’ -L Ofl t h e  scope  .t r e

. 1  , e - , ~- -re -Vt .~ ! C ’~~ t e ’ e ’ f l t  ~~0 V . 1 !  t~ .’~ : of t h e  h er  i z o i it  .ul

-a ~~c u. ‘
~~

‘
~~~~ r~ p c c .~~- o t . ~ t lit ’ ~~~~~ of th e  ve r t i c a l  c o o r d i —

~ t u -  ~~ i~~~_ ’ ~‘ ‘ l a t : ;  c~’h i c ~ ~
-‘

~~ 
e c i J i ’ t o i  (‘ I e ’C t  ~i(~~1 ~‘ I t ~~ t l v l t v

I -
~~ o~ 

-‘ ‘ i r e w 1 ii .t I i  -
~ o~ ~‘ ‘ • .~ 1 cc the ev e r u  i i  wave t o r~~,

- - 0 -~ ~C ’ L i  ~~ 1’ t e’ ~‘ i u i  a pee i t  t c r ~ ~ ion c t the wa\’~’ f erm

en 
~

- 
~~~e o  n ~~ !c 0 - t t  t e c  ~~ -~J rore ~u e c u r .  I t o  l y

- ~
‘ :~~Ot ~~~

_ i i t  W- : a pe~~:ct ~~~~ Par t’:~~~p1c , re~orrtn~ to Figure

a r , ’~~i~’tc r e - ’  t ! t t - ,‘~~ ch to -‘.~~
)
~h dat i points of the hen —

I - i - ~~~ ’ tn 1 t o  1 ~ ) of the ye rt  i t a  1 coo i J  1 i~~-~ to ~i re

rt ’~~u i t  !ai~ c - p.~r ! e d  w i v - f o r r c  ~ t t ~~t~~ IS shewu in

~~~ i u r t ’ ~~~~~~~~~ . ~~~~~ i ‘~~ u~ ~~~ ii i :’ of t h ~’ e r i : ~i u ~,t i  \ - a l c t ’s of data ,

~ r ( -~~ .e”t c~ • t ~~~~~~ ~~~ ~~~- ~- o r r - ’ ’  log  v a l t i e~ o u t  t h e  ~e po are pto—

I l’lo 2 . l~~ -r i  ic~t t t  -n ci a wavol  c i m  se~ :-~t n t  r t - q ut r e s

I ~~ he ~ - i t . i  O ! n t  -: ~~~ ~i e -~t u e u t  l a l  . i i d t ’r .  The ’ ‘c u m e r i c a l

~ t o  ‘fl ir e  a !-:~~~ di- n~I ‘ Vt ! etc t he  s~~ope and  ar c

0 e ; ~ r no ! .- -~ ~~~~ ~~~~~~~~~~ ~~~- t ~ ‘ i i  a -
‘ x grid .us t own In Figure
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4.4 Data Processing

According to Eqs. (2—5) and (2—61, the electrical conductivit~’

information is obtained from the values- of (df/dt)
c~~ 

and (df4/dt)

DATA wktck are the slopes of specific regions of the calibration

and da ta waveforms, respectively. The slopes are obtained by’ f i t—

ting a one—independent variable equation , i.e., a straigh t line, to

— ,, the designated data points of the waveform. The equation is ex-

pressed as follow’s:

f = A t + B  (4—1)

where f is the frequency in Hz, t is the time in .seconds, A is the

slope of the straight line in Hz/second (which is also the value of

(df/dt)) and B is the intercept in Hz. The straight line generated

by this equation is also displayed on the scope to assure that it

fits within the specified tolerance. Special techniques for deter-

mining a least—squares straight line fit to the data are presented

in Section 5 ,

- t 4.5 Timing Data

The related real time (referenced to the payload ’s launch) at

which a data waveform is scaled can be obtained by accumulating the

interval for  all of the data pulses. This time information is impor—

taci t in later determining the payload ’s alt itude from radar data ,

which are also usually referenced to launch tine.

There are three possible cases to consider in converting the

number of counts of data to the value of real time. If the number 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - —
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of counts of a data potut Is less than 3Z,l67
~o 

(071777
8
) ,  the real

time (Tr
) for thii data point is simp ly accumulated as follows:

T l( OQQ + (4—2)

where Tb 
is the real time accumulated before this data point , N is

the number of the counts of this data point. If the number of counts

is greater than 32,767 10 (077777
8
) and less than 6S,S3

~~~ 
(177777

8
),

the real t ime  for  th i s  data point has to be expressed a~ -

T r 
(65 , 536 + N) + T

b

If the number of count s  is g rea te r  titan 65,535 io (17 7 777
8
) , the

dat.i acquisi ticin system generates a p .trticu1~tr v. inc (_l00
~o

) ,  which

is stored b e f o r e  the index number in order  to b~. easily recognized

1and the index number “I” is transferred to the real time as follows :

T
r O.65535~~ X (1 ÷ T

b 
(4 4)

where the index num hi- r  I is stored in the dat~L acquisition system

as a negative vjlue . The time determined by accumulating the data

counts is i-~ tfmated ti , he within 1% of the actual time value , which

is conslikred siti sfat-to rv for a subsonic experiment.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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SECTION 5

CURVE FITTING TtCHNIQUES

This section discusses a method of fitting a straight line

equation to a mass of data [Daniel and Wood (1971)). The method for

determining a straight line fit should use all of the relevant data

in estimating each constant o. the equation , have reason able economy

in the number of constants required , provide some estimate of the un-

controlled error and give some idea of how well the final equation

can be expected to predict the response.

5.1 Linear Least—Square s Method

The most popular method of fitting an equation to a mass of data

is the least—squares method . This method f inds  the values of the

constants in the designated equation such that the sum of the squared

deviations of the observed values from those predicted by the equation

is minimized.

From the data pairs (t~~~~1. 
~~l

>’ (t
~ 1+1~ ~ni+ i~~’ ~~~~~~~~ ~~~~ 

of

the specified region of the waveform (see Figure (5—1)), there are four

assumptions about the relat ionship between the observed value of the

independent variable t~~~ and the observed value of the dependent vari-

able f~ for de termining a s t ra ight line y A x + B to fit the data:

1. There is a linear relationship between the predicted value of

a response y and the value of the independent variable z

y .A x + R  (5—1)

where A is the slope and B is the intercept. 

- - ---— 
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Figure (5—1 ) Confidence Pegion of Least—Squares Estimates
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2. The observed value f~ — y1 + ei — A x~ + B + e~ 1 where e~ is

the random error.

3. The random error e
1 has the following properties:

1) The expected value of e~ is zero and the observed f~ is

an unbiased estimate of y1.

2) The vari.uh-e of e~ rema ins cons tan t for all values of X
i~~

3) The e
~ 

va ’ues  are statisticall y uncorrelated.

4. The observed values of the independent variable are measured

without error. All of tha error is thus in f~ and none is in

the t
i
’s.

Therefore  the linear least—squares estimates for a straight line

are those values  of A and 11 which  mth imizc  the f u n ct i o n  as fol lows :

Q ( e ) ~ ~~ (f -y )
2 

~~~ (f -A~~-n) 2 (5-2)
1~ nl i~ nl i~ nl

From the above assumpt ions , there  i5  no e r ror  for  the Indepen d ent

var iable  t
1 

and h encL - , t
1
. Thus we obtain

Q - (f
1 

- At
1 

- B) 2 (5-3)

i—n i

I 
- - 

Upo n se t t in g H

- 2 
~~~ - At 1 

- B) (_t
~) 0 (5-4)

1n 1

_ _ _  
-
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and

- 2 (f~ — At j  - B) (-1) - 0 (5-5)
1—ni

then

n2 n2 n2
B t~~~ + A > t~ >~ 

t
1
f~ (5—6)

i—ni in l inl

and

BN + A > t
1 ::~i: ~1 (5—7)

inl i=nl

~-:~~re N = (n2 — ni — 1), which Is the total number of data points in
the above equation.

h ence

n2 n2 n2
N t

1
f
1 

— t
1 

1.

A - — 
ini 1n 1  1n 1 

(5—8)

N t — t~ f
i—ni i=ni in l

and 
n2 n2 n2 n2

f~ > t~ 
— > t~ f~ >ii: ~B — 

i ’~nl _~t=n1 ~ 
2 

i~ nl (5 9)
/ n 2

N -

i =n l  l-~nl 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Thua , the predicted value y
1 
is a function of the known data pairs 

- 

—

(t1, f
1
) only and can be expressed as follows :

y1
— A x ~~+B A t

1
+ B

N t1
f
1 

— 
~~~~

1n 1  i n i  I—ni

N t — ~~~
1 

1i
i—ni in l i—ni

(5—10)

~ ~i ~~ 
— t~ f~

i-ni i—ni i—ni 1n1
n2 , n 2

~~~~~ 2 I ’c’
N L — IL ~

i— ni in l

Finally the straight line y — A x + B is derived In which the slope

A is the value of ( d f / d t ) CAL . (dc/dt)DATA or (df /dt)DATA in ~q.

(2—5) or (2—6).

5.2 Confidence Reg ion

The digital data acquired from magnetic tape in general contain

some unexpected noisy data . Therefore a confidence region is defined

by an appropriate factor which correspond s to the error between the

observed value f
1 

and the predicted value y~ of the fitted equation .

Accord ing to Figure (5—1), the confidenc e region is between the two

straight lines Li and L2 for which every point can be expressed as
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f o l l ow s :

~~~~~~~ : ~ : ::
t’ is the value chosen to define the confidence region. For

the jth data po in t  w i t h I n  the specified region of the waveform , the

error e , bc~ween the predict ed and observed values is

— f~ (5—13)

If e~ > e , obv ious ly  the  j t h  d a t a  p o i nt  (such as (t 3, f~~3
) ~~

Figure (5—li) is classified as a noisy d a t a  point and is not included

in Eqs. (5—2) through (5— 10) . T h e re f or e , the  error caused by the

unexpected n o i s y  dat a  p oint  is e l im i n a t e d . I 
-

5. 3 RosI  ua l  Root Mean squar e

The r e s idual  ro~ t mean square is computed to determine how well

the fina l equation can he expected to predict the r .’sponse . The value

of the r e s idu a l  root  mean square is expressed as

n2 1/2

• (~i 
~~~~~~ 

(v~ — f~~)
2 (5—14)

i-ni
t~ j l ,j 2 , . . .

where the flth . j2th ,... data points are not included in Eqs. (5—2 )

t h r o u g h  ( 5 — 1 P ’~ o obtain .\ and B of Eq. (5—i). The final nunber of

total d~~a o-.tnt s N of r~s. 
(5—R) and (5—9) is always less than or equal

to N. 

-~~~~~~ — 
—_— 
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SECTION 6

DISctSSION AND CONCLUSIONS

6.1 Electrical Conductivity Measurements

The computerized reduct ion system , as described in the previous

sections, was used to reduce b lunt  probe electrical conductivity da ta

obtained from a rocket experLnent launched at 1230 MST on September 28,

1976 from White Sands Missile Range , New Mexico.  This particular rocket

e.xperiitent was conducted In conjunction with the STRATCOM VIIA balloon

flight launched from Hollou~an Air Force Base, New Mexico. The dots in

Figure (6—1) represent the conductivity values obtained using the re-

duction program. Smooth curves have been fitted to the data.

Abcve 40 km , the profiles diverge ~nth the negative conductivity

values larger than the corresponding pos i t ive  conduct ivi ty  measurements.

in this region , the negative charge particles are generally more mobile

than the positive ions. Below 40 kin , the positive and negative conducti-

v i ty  values for  the sane altitude are comparable.

The pulses in Figure (6—1) represent conductivity values resulting

from manually scaling the demo dulated waveforms (see Figure (2—3))  to

obtain the values of (df 4/dt)D\TA 
and (dt/dt) c,~j: 

This is the procedure

for merl y used for reducing electrical conductivity data [Hale and Hoult

(1965); Mitchell (1973)].

It is also imr-ortant to note tha t the ce~ put er reduction method

* 
has expanded the altitude region over which the conductivity data wave—

• forms can be reduced . At h ig h e r  altitudes where the slopes of the data

waveforms are the largest , it is v e ry  difficult to manually scale them

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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from the s t r ip  cha r t .  Also , the response times of the data demodulation

system and the s t r ip  cha r t  recorder cart in t roduce  possible errors .  At

lo~ver a’titudes where the d a t a  waveform s ’ slopes are very small , it is

also very difficult to m an u a l l y scale the data. By using the computer—

ized scheme to reduce the  data f o r  the  September 28, 1976, blunt probe

experiment , values were obtained for the electrical conductivity in

the 25 to 70 km altitude reg ion where this parameter is observed to

change by approximately four orders of magnitude.

Another check of this reduction sc~’c-~ie is to compare the results

of the rocket flight with the d a t a  from the STRATCOM VIIA blunt probe

experiment , which  are shot.rn in Figure (6—2). Included in this figure

are the smooth curves for the rocket data in Figure (6—1) and the bal-

loon b1ur~t probe values obtained from 1100 to 1800 !IST on September

28, 1976, while the balloon slowly descended from 39 km to 19 km. The

balloon data fo rma t  made it more suitable for reduction by manually

scaling the w~ v c f o r r t s  f rom a strip chart. Again , very good agreement

was observed !~etween the  two sets of d a ta .  This hopefully suggests

consisten cy ber- ~t-en b o t h  the  d at a  r e !‘~~~ t !on procedures and the exper—

~ricnt tec~~ tq~~ ;

6.2 C n l s ~~”’ -~

A cc-r uterized s:~ ;t em u s i t i c ~ t h e  !)1i~ P1W 11/10 miidcomputer and

associa ted peripherals has bccn d ev e l op e d  for reducing subsonic blunt

probe and Cerd i t c n  condenser  e l e c t r i c a l  conductivity data. Assembly

Language and FORTRAN IV pro~ rans were w r i tt en under the DEC RT—ll

operating svst~ -~ cc p e rf o r m  ~ata d i g i t i z i n g ,  acquLsttton, storage,

t

_____________  —- - - ---—-~~~~~~~~~ — - -  _ _______________
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disp lay,  proc ess ing and printing out th e results. Interaction wit~, ~~~~~~~

system is necessary fo r  in t e r p r e t i n g  the data  w a . t f o r m s  and for  cLues  ir.,~

the particular segments of the waveforms to be ~;caled .

The electrical condw t iv i ty values dotoril m u d  by using tL~ .; te ch-

nique on rocket  b l u n t  p r ob e  data were found to be consistent with ~Le

values obtained by m an u a l ly  sca l i n g  th e  d at a  w av e t o r m s .  In dc~t~ i t  ion ,

t he enhanced accuracy of  the compute r ized  sys tem makes it p o s s i b L e  to

scale the da ta  over a larger altitude reg ion , i.e., a wider  r an ae  of

values , than was found porsible using the manual technique.

In the  f u t u r e , a n u n i n t e r a c t i v e  system using a microprocessor

wi th  a m i n i c o mp u t e r  o n — U n c  to handle  th~ data a c q u i s i t io n  and rroctss—

ing s imultaneousl y wou ld  p rov ide  a substantial sav ings  in the t i m e

requ i r e d  f o r  data  r e d u c t i o n .  Implementation of such a S stern , r~o v.J-r ,

would require considerable attention to developing the computer so:

wa re fo r  i n t e r p r e tin g  the prob e ’ s cu r r e n t — v o l t a g e  response

ii 
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APP ENDLX A

USER’ S MANUAL

This section was written to assist the user in interfacing the

system, using the software programs and obtaining the results.

Al. Data Acquisition System

1) Equipment

1.1 DEC PDP 11/10 Minicomputer

1.2 Real-Time Clock of LPS11 Laboratory Peripheral System

1.3 HP3960 Instrumentation Recorder (or equivalent)

1.4 LA36 DEC writer II

1.5 Dual trace Oscilloscope

2) Instruct ions

2.1 Connect the output termina l of the data channel of the HP3960

Instrumentation Recorder to both of the input terminals of

Schmitt  trigger 2 of the LPS11 Real—Time Clock and channel

1 of the dual trace oscilloscope.

2.2 Connect the ou tpu t  terminal  of Schmitt  t r igger  2 of the

LPS11 Real—Time Clock to the input terminal of channel 2 of

the dual t race  osc i l loscope .

2 .3  Set “—Slope ” of Schmi t t  t r i gge r  2.

2.4 Adjust the level of Schmitt trigger 2 until it fires in the

correct position as observed on the oscilloscope.

3) Software Program Usage

3.1 Input “R NEW1O2” to the console of the LA36 DEC writer IL,

3.2 Input  the value of the number of blocks for every buffer to

the console.

L _ _____—--
~~~~
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• 3.3 Input the values of the times of transferring data from

memory to the disk to the console.

A2 . Waveform Segmentatie n and Restorage

1) Equipment

1,1 DEC PD!’ 11/10 Minicomputer

1.2 Display Control of LPS11 Laboratory Peripheral System

- - 

1.3 Tektronix 603 S t o r a g e  Scope

1.4 LA36 DEC writer It

2) Software Progran Usage

2.1 Input “R NEI-7500” to t h e co n sole of the LA36 DEC writer II.

2.2 Find the data  at  the launchIng of the rocket. Input “3”

to the console.

2.3 Find the data between the  l aunch ing  and the separation of the

payload from the rocket. Input “4” to the console.

2.4 Find the d a t a  at the separaticn of the payload from the

rocket . Input “5” to the console.

— 2.5 Input the values of the nu~~~r of blocks for every buffer ,

the total number of blocks of the iflpUt data file and the

total number of segmented waveforms , respectivel y, to the

console.

A 3. Data rro cess tng

1) Equip m ent

1,1 DEC L’DI’ 11, 10 ~iI ni c o n p u t  ~~
- c

1.2 Displ iv Control of LPSt1 L .ibor ,t~~rv Peripheral System

1.3 Thktronix 633 Storage Scope

1... t.A36 ~“C wr ’t cr II
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2) Software Program Usage

2.1 Input  “R NEW900” to the console of the LA36 DEC writer II.

2 .2  Input  the sequential  number of the first vavefortu to be

- 
- 

processed to the console.

2.3 Input “1” to the console for expansion of the specific region

of the waveform .

2.4 Input  “2” to the console for obtaining the positive electrical

conduct ivi ty .

2.5 Input “3” to the console for obtaining the negative elec t r ica.

conductivi ty.

2.6 Input “4” to the console for the processing of the other

waveform -

2.7 Input ~~~ for terminating the data processing and printing out

the results.

2.8 Input the sequential numbers of the first and last data points

and the tolerance of the frequency to the console for obtaining

the electrical conductivity.

I,
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APPEN D IX B

- 
- 

FLOW CHARTS OF MINICO!~1PUTE R (RT — l l)  PROGR AjIS
-

~~ Bi — Flow chart of data acquisition .

B2 — Flow chart of waveform segmentation and restorage .

B3 — Flow chart of data processing (using a least—squares method)

and print ing Out the results .

-

~ ii

I
IliiiL. - - 
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L (~~st~~t~~~)

~~ 

CALL TTI N 1)1 sable the
in t e r r u p t

I n i t i a l i z e  input from

variables P I C~.ritt r

I Double—buffer
for data

_________________________ 
storage

Set up address  and 1 Tran~~ft -r  A SCI I

pr iorit y of i nt t - r— I codes to nu—
rupt rout ine  

J 
merical values 

Writ e data
in t o  Disk 

—

Define f i l e
and reserve
L~ iffers

I-I_- 
no Does

1 tape finish?

fl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ yes

Store the nun— 

Exit

Wait ber of counts
too long (and passing

. t ime if neces—

:
~~~~~~~~

h:::
~~

Ri . Flow Chart of Data Acquisit ion

~ 
~~~~~~~~~ -
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(~~ tart J

CALL TTIN r/ Input
4 / data from
I I Disk

Initialize Variables L

and Define I/O
data files

1 
2

(l
-,

~) not necessary for calibration data

~~~~~~~~~~~~~~~~~ 
—

~~~~~

I I
Display horizontal

I CALL CRIDY 
lines and numerical
characters on scope

I 
Display data,

CALL DISP ver tical lines and
numerical cI~aracters

Input re— on scope 
, 

-

next displayI Q-N~ CALL TTIN 
~~ I

DECISIO N

I ~~~~
.
~~seParation betw::n l:unch 

~~~
,Ø 

I H

I launch I
I Time reference • 0

CALL TIMEX 

~ 
[ ~~~

I 
CALL TIMEX Determin: the

_j

I I
L_ _ _ _~~~~~~

_ _ _ _ _ _ _1

82. ~lov Chart of ~~veform Segmentation and 
R..tor&ge

___________________ I
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A P P E N D I X  B

1 ek fe r the l’ t~~ i nnj i  p ar :  ~ f t h e
[[CALI. C~’tPR~ w a v e f o r m , reserve da ta  points in
_______________ _______________ b u f f -  r • i n p u t  d a t a  f re~n Ji~ k i f  nec—

Look f o r  the  cen t r al par t  of the  wave —[I C\ 1!. c~-n’~ f o r m , r eserve  data Points in  b u f f e r ,
I I input d a t a  f r o m  d is k  i f  neces sa ry

l~e~~k fe r  he b e g i t i n in ~ p ar t  ef t he  - 

-

I I ~~ -~~~~-~~- hi’Rj next w~ vefer~:, reserve data poi~~zs i’~b u f f e r , i n p u t  data from d i s k  if n&’c~ s—sa rv

Writ e data
into Disk

no
F i n i s h ?  5

yes

Nit

Fl ~~~~
- C h a r t  ~ W iv- - f~ r:’~ ~ -~~~-nt it  I on in~l Restoragt’ - 

- 
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- ‘ ~~~~
tart
D

IInitialize vari-
ables and define Pr in t  out  the
f i les results

through
_________________________ DECwriter

H CALL CHEcK11 ~~~~~/InPut d:ta/ 
(Exit )

H CALL CRI DY

2 
H CAL L D ISP H

next positive c on du ct i v i ty ~~~~~~~

DECIS ION
exit negative conducttvltv~~

Q
expansion

CALL YEXPD =~~~ 
DI Sp lay the expansion

r Disp lay the expan sion of

~ 

CALL XEXPD horizontal axis and the
waveform

B3. Flow Chart of Data Processing

L _ _ _ _
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Use l e a s t — s q u a r e  me thod  to f ind
___________________ the slope of the specified linear

CALL SLOI’l reg ion of the waveform and the
I designa ted time in terval , remove

the spur io us noise , disp l~ v the
fit strai gh t l ine  on scope

Q ___
U~ e least—square method t o  f i n d

__________ __________ 
t h e  s l o p e  of the s p e c i f i e d  l i nea r
reg ion of the wave fern and the

CALL SLOP 2 des i ~ t ia r ed  t inc interval , -
-

the spu rious noise , d i s p l ay  the
f i t  s t r a i gh t  li ne on scope

B3. Flow Char t of Data Processing

L - 
---- ~~~~~~~~i~
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APPENDIX C

MINICOMPUTER (RT—ll) PROGRAMS

This section gives the source program s which are run on the PDP

11/10 minicomputer. These programs are constructed either by link-

ing gr oups of Assembly Language programs or by linking Fortran

programs with Assembly Language programs. The object modules of the

main programs and subroutines are linked as shown in Append ix Cl , and

all the texts of the programs are listed in Appendices C2 through

C23. The functi~~~ of the source programs are listed as f o l l o w s :

NEW 1O2 — Program for digital data acquisition.

NEW~ O0 — Program for  ~taveform segmentation and restorage.

NEW 900 — Program for data processing (using the  leas t—squares

method) and for printing out of the results.

- . - -- -- -
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APPEND IX C

* 
- R L I N K- - “ NEWIO 2<NEWJ.001 NEWIO1

. R  LINK
~NEW500<NEW200.-t
* NEW 1 01w-’ C
*NEW3iO~. NEW~~20. NEW~~~0. NEl-J:4O~ C
*N E W 4 0 0 .. NEW 4 2O. . NEW 44 O ~~C* NEW2 4 0 , NEW2 5Q

R LINK
* NEW 900 <NEWS 02 F~ 

- C
*NEW8IO ,-’O -  1/C
*NEW 82 5 . - ’O - 2.- C
*N E W 9 4 5~-’O 2, C
*N E W 3 I O .  NEW~ 2O. P1EI-A :~ :- .. NEt-I: ~- o  - :~- . c:
*t1EW~~15, NEI-I~~25~ NEW:— :’5- NEtI~ 4 5 -  NEw:55~-o -

Cl — Source Program.
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APPEND IX C

. CSE C T
T I T L E  NEW IO U. MAC

- GLO E: L MR1N~ T T I N
L P S C~~S=l~~O4O4
LFSF - E:2= i704 06
- I1CFiLL - - V2 - , - F E G O E F ,  F T C H.. - E N TER rn W R I T E S  - CLOSE

MCA LL F R I N T . . . E~~Z T
V2 -

- REG[~EF
M A I N . - P F . I N T  $i’ISt~! , PR I NT  OUT CO NTE NT S OF P1501

JSR F C .T T J U  RECE IVE C_ ’ATA F R O M  t’ECWRITER
M O V  N ( , RT A I N .  F2 SET UP P2 W I T H  AD C_ ’ R ESS
tiOV P2 + .. SLC’Cki , P1CVE OA TA TO B( O C k I
MO V ‘.F 2 ÷ , C: V C L E MCI V E C_rn A T A T 0 C V CL E
C L R  F l  R t~~OC.LR P2 P2=0
C L P  F .~CLR PS P5 =0
C L R  ELC ’Ck . I N I T I A L I Z E  &LOCK2 W I T H  0
NOV $ISEF\- . cd * 24 .SET UP A~- C’RESS A N C _~ P R I O R I T Y
r-iov ~~~~~~~ c a n : 26 LEVEL (‘F I N T E R R U P T  R O U T I N E

MU T I  - ~4 OO.  F- : F::~~2S E* EL OC - ~,1
INC Fl I UC FEAS E R I  SY I
C-~1F EL O C J I. Fl R i = F L O C  ~:~~~?

E N E  1- 1UL TI  - NO - REF - EAT Fi[~O ING
lIuV F- :- . LREC • YES R~~~LREC =256. E;LO C Ki

F E T C H  ~HN [F’. sHAME t-EF INE FILE
- E N T E R  ~ A F - E A ~ $1, *N~ r-1E. 5—1
- F R I NT S M SG 2  PP 1 N T  O U T  C O N T E N T S  OF MSGZ
SUE: E :L O C t I E; LOC - I 2 - I N I T I F ~LI2E E:LOCK2
N O V  ~E~U F F i  R I  SE T UP R I  W I T H A~~ F- ESS

~‘1, P4 SEI UP P4 W I T H  At : r- PES S
• S E T  UP E >~T E R P J A L  INT EPYRL
FF01-I ‘EF- O EA SE , FREQUENCY

, E : E ING 100 KH2 .  INTE RR UFT
• ENAE :LE . CLOC -~ E N A E L E

S T A R T .  I1OV $ 1 5 0 5 . L PS C K S  , W A I T I N G  LOOP FOR INTERRUPT
INC P2 SET U F I N E E X  OF R E A L — T I M E
C r lF- ~~~1~~O - R 2  •~~~~~~ T H E  L N S T R U C T I O N  T i ME
661 l-IAI T (IF THE I4AIT ING LOOP
C’EC PS PS E EC PEASE EY 1. REA L—TIME
CL R P2 — F-A S~~E f 2~- 2~~ 2E: 2 4 E ~~E—6 SEC

WA I T. Cli P $0, F IF F~~
r @, E;UFFEF IS FULL

E L T S T A F f  - NO. (IC’ NE>~T
CL R LF - S C~ S • YES IISFiE :LE T H E  UITEPRUF~T
(FtP P 4 .  *E:UFFI , (.CI U E :LE—E :LIFFEF 1-1ETHUC .
E:HE A L P H A  • P4 F O I N T S -  TO ELtFFF
NOV $ E:UFF2. F t  ~~~~ R I  P O I N TS  TO E:UFF2

C2 - NF WI OO. MA C , Main Program for Data Acquisition
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AP ’~E~mIX C

ER
~, LF h p ~ I - i C- -  $ E :U F F1 ,  F- I P~C -  RI  F C I !NT S E~.’FF L
. 1C .RE Fi :c - E- L - : c Y I . E : L c : ~~2 ~S E T  U P E~LC’C~. FO R TH E F I L E

M U V  I F  EC F-:
I-I F lIE # A F E 1 -  $1, P4. R~~. 1:1 C C~ 2 TRANSFER ( - A T A  F RC r I

C t iP F~4 . $L~U F F 1 • 1-I E I - lORY I C t - :  5K
F-NE F-ETA - - P4 P O I N T S  TO EUFFl~MC I V $ E- u F F2~ P 4  — YES~ P4 F O l  NT S TC’ EUF F2

GA l -i l-i A
F:E IA 1-107 SEUFF t~ P4 -. NC’ S P4 PC I NTS T O E U F FI
6A~1MA F P INT w t-i~~C~2 • F-~ INT OUT CO NTENTS OF M~~3~rE C C V C L E - S T O R E  ONC E

E:L E FIHI~~H
Jr-I F S T A R T

S EPV - C NP #0.  ~5 - I NT E F R U F T  5 - E RV I  CE  RC’ UTI NE
E’EQ O I 1 E G A
NOV 5 — 1 0 0  • (Ri) + • S A V E  THE C CIUNT NUMEER ANC
MO\’ F~~. F l ’ - + ~ h u N G  1P4 ( ’ EX IF N E C E S S A R Y
SU B 52. ~ : TUC’ (A TA PTS FO R TI  N I  NC I Pfl-E X
C L R  F:5 R E S T O R E  PS TO 0

O rt EGA NOV LF - SF  E: - P 1  + • cA ~~E NO. OF CO U NTS
C L R  P2 - ?:EEfiV E P2 IC’ 0
[- EC F:  S T O K E ONE CFi T A F- C’ IYJ T
PT !  , C - I S - M I S S  INTE RR U PT

F IN IS H F R I N T  $ t-l ic , 4 , F- P INT OUT CONTE NT S OF 1- 1504
- C L O S E  $1 • C LOS E C:HANNEL $1
- E 1 T

11561 - A C  I 2 N d  OF E L O C  K <~ 25 ) NO (IF CV C : LES /
- E V E N

11562 . ASC I /E:EG I N THE [ A T A  AC CU I S IT  I ON ’  I

E V E N
M S G ~ - - ASC I , S - I C ’ F E  ~~4 h $  ( A I I ~ F C’ I NTS ~E V EN
MS G 4 :  - A S C I . F I H I S H !

[:L .) C’ K I . - 1-I C’ F- C- C’
- - WOR [~ 1’

C V CL E 1-1(1 F () U
L R E C :  - W (’ F:( U
~.REA E:U 1-i 5
N A M E  : F iI-5U~~(~~. T H  I H50 [A1 - t - ~~T H S T O P E[rn IN C _ 1  S~. AS T H I S

EVEN F I L E — N h M E
E U F F I  BL~~W 1440(1
EUFF2 - EL~ W 144C1 C’
I-I N D P =

• CEEC T IELETT
r - A T A I N  - £ L L W  40 , ( ‘ A ’ A  TF : A N ~- FER FF01- i ‘T I  IN’

- CSEC . T
- ENE’ r i F i i. N

C2 - NEW 100.MA C (Continued)
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APPENDIX C

C SE C T
- T I T L E .  R SC I~ C OC ’ E TO N C - I M~~L VALUE
. O L O EL T T I I 1

- 
- - M C A L L  - . V 2 .  - - REGOEF . - T T V I N

4 ’- ,

- R E G C _ E F
1TIN . NOV PCI. — (SF ) - ; FUSH PC’ ON S T A C K

NOV F-I. — SF’ ) ; P U S H  R i ON S T A C K
NOV P2 . — SF) • PUSH P2 ON S T A C K
NOV F-~ • — ‘ ~S F >  , PUSH R:~ ON S T A C K
NOV P4, — ‘SP) P USH P4 ON STACK
I’IC’ V KS.  — ‘ S F )  PUSH PS cIN STACK
MC’ V # T E MP.K ’ 2 • I N I T I A L IZ E  P2 WITH R~~ RESS

I N LO O P:  . TTYIN R2)+ • INPUT DATA FROM D ECWRITER
L I C E : S Z c Io .  PU • I N  FISCI Z  CO D E , C L E A R  U P F E R  LIT
CIIPE: 515. PCI . C R ’  ENDS INPUTT ING DAT A
E:NE I NLOC’P
MCI V * [ ‘ RTAI N•  P4 . I N I T I A L I Z E  P4 WITH ADDRESS
CLR F:1 •

DE LTA. C L R  ‘.R 4)+ •C L EAR CONTENTS (‘F P4
IN C :
C l1~ $20 ,  Fl • C : LEA R 20 WORE-S
E:HE [ - E L T A
t i d y  $ * C - R T A I  N- P4
CL R PC’
MO V * i Fl i p • F 2
ClIPS - P 2 - - . #12 , A - L F ’  L E F T ~F:NE LC I C i F C ’
I N C .  F - 2  ‘

L O O P O  - C L R  F t  • IP A N S L A T E ASC I Z CO DE TO
(- - E d  I HAL NC’. AN D S T O R E  R E S U L T S
IN THE LC ICA IION OF C_ ’AT A IN

LO’:’Pl CL R F5
CL R F:
LI CE: # - O U -  S : -  • C LE AR UF F-ER TI4C’ B I T S
CMF ’E: 515.- F2) • A / CR ’  FRUIT [ ‘ EC WPI TER T ’
E:NE R C~A IN • NC’. GET NE)- T D A T A
N OV #100. P C ’  Y E S .  F i N I S H  INF- U1
S F: L O O F :  • E : P A N C H  TO L C I O F : z

Ri3 i~ I f l  C t-i F- F 55 -4 .  - P2.: A . -• F R C ~li [ - E C W R J  T ER~
F E D  L O C I F- : - Y E S .  E: F - A N C . H  T O LCI Ce F’~(NP NO~ F l  . NC’, R I  = C ~
E- 1 4E L C - O F- :- . Nc I~ E R A N C H  rd L O CF 2
S ICE :  560 ,  - P2 ” • NC’. ~UE-STF .~I C T D A T A  LV 6’)
MOVE.  - .R2 - ~~- F l • MC ’ \-’E D A T A  T O F- I
BK - L O C ~F - 1 - E: F’ F I N C H  IC ’ L C ’OP i

1 0 0 F 2 :  A DD F l .  F5 . M U L T I P L Y  BY 10

C3 — NEW1O1.MAc, Conversion of ASCII Codes to Numerical Val ues
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APPENDIX C

I N C R E A S E  R~ BY i
ClIP #l2~ R 3
SNE LC’0P2 D N O .  KEEP ADDING
BICS #~~6O . P2)  ~CL EAR UPPER FOUR BITS
CLR Ri ; C L E A R  RI
M O Y L  ‘~R 2 ) + .  RI MOVE INPUT DATA TO RI
A DD R5, Ri ADD THE PREVIOUS DATA
BR LCI CIFi ; B R A N C H  TO LOOPI

LUOP~~: MCI V Rj .  < R 4 ) +  SAVE RESULT
Cli P #100, KU • FINISH?
SEP (‘UT Y E S
I 1-IC P2 I N F U T  NEXT NUMER I CAL NO.
J I-1 P L CI CI F’ c, J M P S A C K  TO L O O P O

OUT : N OV ( SF ’  5’ ~ , R5 , POF S T A C K  10 P5
- ‘  

M C’V (E-F’)+ . P4 • POP S T A C K  10 P4
N O V  (SF’ -’ + . R:< • PCI P S T A C K  TO P3
I -t OY ( S F- ) + , R 2  P O P  S TAC: K T O ~~2

-; S- F - + , F l  ; F O P  STACK IC’ RI
Pd’ • F O P  S T A C K  TO PC’

P15 PC .F:ETURN
TEMP . - E-LKI-I 40

- E V E N
- C SE C T  T E L E T T  ~SF ’ E C IAL  L O C A T I O N  FOR

DATA IN: - B L KW 40 , R E S E R V E D  INPUT DATA
- C S E C T
- END T UN

C3 — NEW 1OI.MA C (Con t inued)
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APPENDIX C

. (‘SECT
- TITLE • WAVEFORM SEGMENTATION A ND RE STORAGE
. G L O E L  MAIN . TI I N.. GRIDY. D I SF’ . CMPF’ 1~ €S MFR 2, CIIPR2
- G L O E :L TIMEX .  T I ME Y
- M CA L L V2. - . REGDEF . - FETCH . - ENTER . - L O O K U F ’
M CALL - TTYIN. FR I NT. - REAC’W. - W R I  1W. - CLOSE. . E X I T

- V2. -

R E O D E F
M A C R O  M U L T I  A .  S •

CL F’  PU E A C H  SLC I C: K C: C I N T A I N S  256
CL R A • WORE ’ S
AOl’ *400, A
INC PC ’
C liP S. PC’
FI lE - — 14

- 
- - E tlC’t -l

IIAIN - FR IN T *115.61 FRUI T CUT C: CINTENTS OF IISGI
JSR F - C. . TT IN . C A L L  ‘T T I N ’  FUR DATA INPUT

5 ( ’A T A I N - F-2 • S E T  UP P2 W I T H  A DD RES S
Mdv  P2 - + . E~ C C  ~ I . MOVE t’Al Fl TO E.L CIC:Kl
- F ETCH $ HN[-~~i - SNAN E I -. [ ‘EF I N E  F I L E

L C C K U F  N A PE~i1 #1.  eNAMEl • LOOK UP E X I S T I N G  F ILE
- F E 1C H $ H N C K ’ 2 .  #N R 1- 1E2 • O E r  III E F ILE

F I l T E R  $AR EA2. *.~ . *N A I 1 E 2 ,  5 — 1  • ENTER A NEW FILE
d I P  T I ~-1E1 . S E T  UF’ T I M I N G  REFERENCE
([P TII1E2 .EQ UA LS ~~ P0

~4 . F:~~ I~~ I - 1 I J I T I A L I E BLOCKI
AL PHA - A(’t’ *4. E:l (‘C- K 1 . T R A N S F E R  DATA F RO M D I S K

R EAI ’W SA F : EAI  . $1.  $~ :IJFF 0.. *2000, E:LC,CI-. I
1-10 ’ * 0 -  F IR S T  - I N I T I A L I Z E  F OR D I S P L A Y
NOV 52000. LA’~T . I N I T I A L  I E  FOP DISPLAY

BETA - JSR F-C • GK’ I (‘V - DI S- FLAY D A T A  ON S C O P E  LV
N , (:‘ 1SF ’ . I R E  L 5 U E N C  V V E R S U S  T I  ME

- P R I N T 01- 1562  - F R I  N T  M E S S A G E
J SF:  F - C .  T r I M  . C A L L  ‘ T T I N ’  FOR DATA INFUT
NOV SE f - TAIN. P2 •SET UF- P2 W I T H AD DRESS
I-idl Y N - ‘ + , N . M O V E  I N F I I T D A T A  TO R~( h F ’  ~:, *1 ,

Al F - H A ,YES . REA D HE>~T 1024 D A T A
(l-1~- *4 ,  ~~ ,
E L E  (- EL TA YES. . 601(1 (‘ELlA
fT C ’ ’ .’ -, F 2 - . , F I ~~ST Y ES.  I N P uT  ( ‘A lA TO F I R S T

-
- 1 2 ‘ + . L A S T  . I NF UT ( - A l A  TO L A S T

C~ 1R 52 , N’ •

LEO BETA • Y ES ,  R E — D I S P L A Y  SOME D A T A
DELTA NOV $ E.UFF:C ’ . F-4 SET UP P4 WITH A DD RESS

I- 1CIV F 4. KS , R 5 = P 4
Al t- $41- O C’ F - S . F
ASL F T ~~S-T , F I F - S T F I F S T 4 2
AN- F IRS - I .  P4 . R4=R (’ [-PES-S (IF F I R S T  DATA

C~ 
— NEW200.MAC, M.~in Prt’gram (or W. iv eform Segmentation and R estor a ge

- —V -_~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ — - —--- - - - -  —- --—-- ---- —-- - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ - - - --‘—‘ -- -~~ - -~



- —-—~~~~ -- ~~~~~ -~~—-—--— ~~~~~~~~--~~ ~~~- -‘ ‘- - ,.-- ‘— —--—-
~~

.- -
~~~~~~

. - ‘---

A P r E N D I X  C

‘~A l-1MA C N F  - F 4 - , 5-i C - C’ -

E ~4L F H I . Ne’ . ~-:- r c’ F’H I
52- - F 4 F - C l I N T  T O N E ; -~T (- A I R

f- i t ’ -- F - 4  ‘ ÷.  T IM E 4 . S A - .- E  ( - Fi~~A I~ l TIII E4
C r l F -  F 4 -  f5 , FlPlIE -W -
E : GE E F ’ S - I L  -

F- C ,  TI N E : : - P E ’~i L—T1 ~~E OF t - J R I T I N &  LC ’C F ’
F - H  l-I C’V F 4 -  + .- I t~E 4  , ~- A \ - E OF - I T A I ~l T I  r 1 E 4

J3~ F C - T I  M~f~ - F- E OL — T I t l E  OF C ULINTS
(“F’ - F I~1iS H
F- I. T G’-N ~~F~ - 111 - 6012- &RNM R

E F S - I L  - C l-if t~4. N - Y E S ,  N
F-t I E I ~1E T A

t M E  u~~ , Y E 5~ K E’ it  N E ’ T  10 2 4 DA T A
T F 1 E T R  F F ’ I~ I T  t~~~~Gd’ . F F 1  ~lT M E S S A GE

N .  T T I N  . CF - - LL • I T I N ’  F O R  INPUT (‘-AIR
I-iC y ~~ - H ~ i I ~~~ - P2 - S E T  UF- P2 W I T H  AO ( ’ K E 5S

-~~ - + E t c , r i - T-1 C: \- E I f - -~F’UT 10 BLC’ C-~~Z
(TIP S~~- E- L C- ..~ ~-

‘ - t - L C ~C I  2~~C ’ ’
EEC? .

t $4  - L ~‘C 1. . 1-JO
-‘UL ~ I L ~ F. 2 E- L C’~ P C. -. Ed ::- E- C~ E:LC 2
F-EA (-I-i n~I c E Al ,, s l .# CLT :1 l F E s 2 E :LOC~- 1 • k C A D  ~-~iTR

SUE 1t4 , NC-U I • ~ F C J i  r-- i s
E L  ‘ : t c t  2- - E - : L 2 C 1  I - ~- E T  UP E l  2-C ~ I

f-l it ’ -’ # E U F ~~~I - F - 4  - S ET UP P4 ~- J I T H  A t - E R E S S
C L  F F ~‘ , F: , ‘ 0

r-t:R E ~ (‘‘-IF ’ - F 4.- . S — I O U  . ( F 4 ” —l1 ’ C’ ~
1 - 15 ’

~i t - r -  s : .  ~~~~~ . T E S -  F-OI~~T IC’ P-J E~:T
I -I C’ ’.-’ - F 4 - T 1- 1E4  SF~- -E (-i-T A IP~ T IT I E4
J SF -  F ~ , T I  1 - 1~ - R E A L — i l  ME OF 1-IA! 111- 16 LCI C’F’

ø2~’ F- ~:‘ - F-A IL: :’
r’i ’:~ E .2 tic ’ ’.’ - P4 - + - fl M E  4 - 5-0-:E [- F T A I ~ II I-1E4

FC . I I IEY . P E A L — T I N E  dIE ( (W I T S
I ~4’. F - .‘ -, P Ct = F: ~i + j
C h f  F 0. I F  E~ 2 • F I 1-fl SW’
E- L I 1-iC F E 1 • N C’

I-l U JNF ~iL F ~i r ~ . Y ES- - .T L ’flF E F I C K
. T I M F  F E ~~E~~E N C E  HAS F -cEH S E T  AS ‘TIMEI AND ‘TI1- 1E 2

oMrGn - F P I NT  F F 1 1 - IT 11155 -A G E
F F - t I l T fl :’ - - 14 - FS ’IU T tIES -SAGE

F - C - i T I l l - t r i L l . - I T  I I I ’ FUR (“A IR IIIFUT
$[t~’t A I ~4 ,  F 2- - S E T  UP P 2  L-’ I T  I-f AC ’ ( -~ ESS

r- t(IV ~~2- + . E 1 O C ~ 2 - M-5 \’E I ’ J F U T  T O E:L C ’ CK2
MC I V - F- :- - + , I : ‘  A L - t-

~ ‘~
I 

~
-‘ E 1 11 F UT I C’ T CIT Ft L

r’c - -
~

’ - F 2  - . - 11 : d P .: . ri -:’ - - - E  i~~r e i  IC E:LO C~~
NOV - ~2 -~~~~ C Y C L E  I - MC - \-’E 111FU2 IC, CYCLE I
MU LT I L~~EC1. E l C- ’~ . L~~EC i~~2~-~~,E:LOC P.I
1-IUI T I L F EC E - z C I : l .

SE IJFF 1. F 4 . S ET UF F 4 WITH A(”(’PES~

C4 — N E L~’2OO.~~~I~~~c (Crni t in ui ’d ) 
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; TRANSFER DATA FROM (‘15K 10 MEMORY W ITHOUT (“I~~PLAY
ADD *4. SLOCKI ; SET UP NEW SLC’CKI
- READW NA REA 1. *1. P4 , LPECI . . E:L c’CKI • PERt) DATA
MOV F:4 .RESERL •SET LIP RESERI WITH P4

R4 . F’ E SE ’R4 • S E R PESER4 WITH P4
C LR PESEF’ 2

THE FOLLOW IN’ :i PO R T I O N  (IF THIS PROG RAM IS TO STORE
-

‘ 
; D A T A  LV DEFI N ITE NUMBER OF E:LOC KS

F’klNT $ MSGS , PRINT MESSAGE
CLF’ FL OC-E4 E : L O C K 4 O
S UB  LL-:’cK2. E : LüCK4 ~ IN ITIAL IZ E  &L0CK4

TRY: ~TSF’ F’C . CMPR1 , FIND BEGINNING PRF: T
Cl-i F’ *200. F L A G  -‘ END OF FILE?
L E O F I N I S H  , VFS
JSR PC, Ci-1FF:2 - . F I N D  C E N T R A L  PART
(‘h F’ *200. FLAG . END OF FILE?
SEQ FIN ISH .YES
j cp PC: , C M F F - ~ • F J N O  BEGINNING PART (IF NEXT
C r-IP *2 - Ot t .. F L A G  • END OF FILE?

F I N I S H  ;Y E S
A d O  E:L OCl , E:L C1CF 4 .NO. S-El UF’ B’LOC:F24

T R A N S F E R DA TA IC T H E  D I S K
- WF’I l ~.I *A P EA 2 -  52 .  *E:UFF~~, IFEC :2 .  F- LO C K4
- P R I  N T $1 - lS Gt . FR !  N T MESSA G E
1:-Er C Y C L E I  S-~tVE (‘NE WAVEFORM
E’-EO FINISH ;FIP IIS HT ’
J 1-IF-- I ~

- V N CI . j  U 1-IF’ B AC: 1-~F I N ISH - F - ’ R : P I T  *M S& ~ -. FRUIT MESSAGE
- CL OS E $1 • C L O S E  C H A N N E L  I

C L O S E  52 P. C-LO SE C H A N N E L  2
- E~~1T • F I N I S H !

MS~ 0 : - AS C . I 2.- H Ut- i  MAN Y LL :~c-~ s~ = : 24 )  NOT TO SE DI SPLAYED? .--’
- EVFN

1-1561 - RSC -IZ ’1 l-J HFJ T 15 I S - I  FLCI(’}( OF 5.H~~~5ii , (‘AT 1~i SE READT’ ~’
- E V E N

11562: - R;CIz.’Sr:IP (l -
, 5 - P E DIS F - LAV ~~2:’ ~‘LFl LINCH, AFTE F’~~~, 5 ) ” Q K (4 ) ? . -’

E V E N
11563: . RSC I ~ - ‘ S T A R T  D A T A  P R O C E S S !  1- lG ’~ ’

- E V E N
M564 :  - A S C :I Z ’, ’ S L u C L  2- =24 ’ ’ TOTAL -- 510 (1- ~- ( = ~~) . C :Y C :LE I ?,- ‘

E V EN
113 65 . - HSC I 2 / SA V E  COI - i F- L ET E i4R\ .’ EFC’ F’ M FOR F- RO C- ES S I N G !  /

71566: . AS C IZ’/TRAPISFEK (‘NE C Y C L E  OF (-‘A lA T O ( “ I S - K ! ,’
- EVE N

115G’ . A c e  12/FINIcH’
- EVEN

Pl A N E t  - - F i050.- (- -E EH !H5CIOAT. • W H E R E  D A T A  S T O R E D  LV 100KHZ
.01 K ER L—I !1 - tE  C~~C’c- K

NAM E? :  RAt’5O/t ’ P~ 5-HIH1C ’[ FiT , , [ ‘A T R  SA V E D  10K’ PROCESSIN G
CV C- I E 1 140K 1- c’

C4 — NE W2 00 .M A C (Continued )
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APPENDIX C

6 L O C I S 3 L-IU F ’ [ - ‘C’
• S L O O P  4 - L-J C’ F ’( - C’

- - 
LR ’EC2 - I-J C~F’l. U

- E L ’  1-I S
HN[iR.I EL I ~J ~- C ’ Ci

- F - L I  11
- C-SECT T.~. L E l I  — S E C T I O N  FUR A S- C 12
- E-:L p 41, 

• ( C t  F IC ’ l E t  I~- 1AL
- C S E C T  Y~~’~~i r A  - SECT 101-4 F O P  V— AX IS

V F C’ 5 1 - ~- L I - I-I
V F S - E L  I- I-I

- E:L P- I-I :
- - ‘

~‘ S C A I F - -l u F F - U
C~~E! T ; : E - R T A  - 5-1 :TlC l PJ FCt P ~ - A - I  S

:- ,F :;i - E :LI •-J :.
X F - C 5 2  E:Ll .W :
~ F :3:: E l .  1 1 - i
::t T,5 AL I 1-IC-F C’
T E S T  IIC ’~~[

ISEC T !iuME - E c~ ; S E C T I O N  F O P  N U M E R IC A L
P10 C~~:E 5~~. 121- UI- 105 ‘~ • CHAPA C :TERS
11: - E:YTE C~- 1 (2 1’7, 1(’0~ Cs111 - C TIE 142 ’ - U i 1 1 -  105- It’S
P-I S E- ’rT E 4.5 , 101 112 . lU E S
144 L~Y T E  C1 , 24. 22, 177. 5 0
1-15 E V I E  4 I 05. 105.. 105 -  72.
1-It ET ’TE “ E .  111- 111. UI, ES
117 BYTE 101. 41. 5’~ . 1 1 .  7

E - Y T F  ‘ t ~~~. l i i .  1 1 1 . 1 1 1 -  E G
119 E :YTE 4E- 111. 1 1 1 .1 1 1 ,  7C-
S F - A C E .  E T T E  (i - ~~~ . ~~~

, C,, (i
- E - - ’EN

C s : E c T  S- C t -FE  - . EC 1101-1 FÜR C’ I5F’LFI’~’E 1 F F O E - C .P H t’~~t’
F IRST L FC ’ -

L liST -
~ C’ F 1-

C S E C T  S EC C’ Pi ( ’  . SEC T ION FO R 111-111-16
T I l- i E I I-I C’ F - I ’
7 It-I E - 1.10 P C. U
T j  1114 I - L O F t -

C sr ‘r : ;i r--~ - SE-: T~ C U  FOF ~ I : A V E F C - F - r - 1
C ’A T F iPI IJ 1-IOF C’ ‘~r SEGMEN TAl I (‘U ANt ’ EiCt~ A G E
Rh’ E A 1 - C: L I I-i S
F L A G  I- lORD C’
I. ~‘ E C 1 WOK - I-’ C’
IC I F~ L 1,1 (‘F’ C’ C’
EL tiC 1 I-IOF -[ ’ o
E L C -C P~2 1-1 :-F - : I’
p
~~-:EF1 1-4 :- P r- C’

~‘ E S E ~~2 ti ’:’~~: C’
E T - i ’ F ( -  C’

C4 — N~ W O ~
) , ~‘,AC ( Cc n t  ~

- ~~=-~~ -- - 
- - :.: ~:~

-._
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RE SER 4: - WO RD
BUFF5 : - BLKW 10
&UFFI: - SLKW 14800
BUFF3 : . BLXW 2:500

CSE C T - t
- E N D M A I N

C4 — NEW200.NAC (Continued)

F
• CS ECT
• TITLE NE 1-4250. MAC : ‘T I l’ lEL) . <T I1 - 1 E2 > =E ’. 65535*

GICI LL T 11- IE:-~ AE:5 T I M E 4 ’ -
- t’I CA LL ‘%“2 - • - REC-t-’EF
- -
- R E G O E F

Titl E)-: - NOV RU, - - -. S F ”  , F’1j5~ PCI
MCIV Fl. — ( S F ’ S -  FUS.H Ri,
NOV F’2, — (SF’) -‘ PUSH P2
NOV R .  —~~S F )  • PUSH PS-
PlOY P4. — (SF’; ’  • f IJSH P4
NOV PS, — (SF’ > • P U S H  PS
1- lEG T I 1-1E4 • T11-1E4=—T II1E4
1-WV TIt-1E4 .R4 •SET UP P4 AS TIME4
(:1K: RI • R1 0
CLR P2 P2=0
C t-iF’ *0. P4 • 0< R4 ?
ELI AL P HA , Y ES .

Ji1P OUT N O ,  JUMF’ TO RET URN
ALPHA:  ChI P $50. ,P4  • 5 0 ( R4 ’

ELI l’lOREI Y E S P
B E T A .  A DD *655 •R i  .R1=655’ .TI ME4

~ EC P4 - R4 = R 4 — 1
C l -IF’ 4$0.F’4
6L I BETA , YES,
Pl O Y T 11- 1E4. P4 SET UP P4

GAMMA : SUB *1000. ,P1 , TUIF1~~P1.-’1O@O
11-IC T IMEI
Cl-IF’ # 1000 . RI

C5 — NEW2 SO.HA C , Determir ..~tion of Real Time from Waiting Loop
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G A M M A
• JMP ET A

M O R E l :  ADD *655. •Ri ( R2) .  (RI)~~655~ FiBS(TIME4)
AD C P6 •DOUBLE— FRECISIOtJ
DEC P4
Cl-IF *0. P4
BLT M~ RE1

IfORE2: SUE *1000. • Pt TZ M E 1 ~~( R 2) .  (Ri)/ 1 0 0 0
SEC P2 1 00 UELE—PRECISIO N
I N C  T I M E I
Cl-IF’
ELI MCIPE2
Cl-IF’ *1000. • Ri
BL E P1ORE2

E T A :  PlOY T1P1E4.R4 1 5ET liP P4
ADD Ri. T IME2 ~SAVE RI TO T IME2
CLR RI

MOR E3 : AD D *35. ,Rj. ; R t ~ 35* AL S (T IME4 )
DEC P4
ChIP $te~ P4
ELT P1C’PE3

MOR E4:  SUB $1088. • R i  ~IIME2 (Ri )/ iE l00
I N C

• ClI P *500, • RI
BLE IIORE 4

• OUT: 1-ICY (SP )-+ .R5 ,roP PS
1-ICy <SP)+.F4 ~POP P4
PlOY (SP >+ .F’ S ,_ P0P P3
PlOY (SP)+~ R2 ,POP R2
IIOV s.S P ) + .- Ri .- POP Pt
PlOY ( SP) - * , F C i  I POP P8
RT S PC IRET URN
• CSECT SECOND ;SECTI OPI FOR T I M I N G

TIPIEI: . WO RD
TIME?:  . WORD
T IM E4 : . WOR D

CS E CT
END TIME X

CS — NEW25O.MAC (Continued)
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• CSECT
TIT CE TIME REFE RENC E OF lOOK H~

• GLOEL 11MEV
• MCA LL • V2 . , . . PEGDEF
• V 2.
• REGD EF

T IIIEY: NOV R 0 - - (SP) ;PUSH RD
MDV RI. — ( S F ’ )  IPUSH RI
PlOY R~~ - (SF’ ) ; PUSH P2
PlOY P3. — ( S F ’ ) $ PUSH P3
MDV R4. — ( S P )  ~PUSH ~4
MDV PS. — ( S F ’ ) ; PUSH P5
MDV TIt-1 E4, R5 , MOVE t-’RTA TO R5

A L P H A :  C L R  R U
ClIP *0 PS
BLE BETA 1VES .
MDV *328 . • P0 NO, SET UF’ RU
BIC *100000. PS ;CLER R CARRY BIT

BETA:  CMP *50 . ,R5 i- 50>R5?
BGT PHI • YES.

GAMMR : SUB *100. • F’S ; NO. RO R’S/ iOO - 
-

I N C  RU
ClIP $150. ~ F’S
8LE G A M M A

DE L TA .  ROD RO. T IM E2 A DD P0 TO 11P1E2
ClIP *1000. • T IM E2 • 10C’0>11P1E2?
BGT PHI ;Y ES.FINISH,

NU: SUB *1000. • T IM E2 NO, T IMEI T 1ME2/ i0€i0
I N C  T I M E I
Clip *1000. TI ME2
BLE NI’ ;TlPl E~ T Il-IEj +TIM E2/j 0(i0

PHI: NOV (SP)+ ,R5 ,pQp p5
MDV (5 P)+ ,~~4 .- POP P4
MDV <S F’)+ . F ’S POP P3
PlOY (SP)+ ,R2 ;PQP P2
NOV (SP)+ .- P1 ,POP P1
NOV (SP) + .R 0  ,POP P0
P15 PC ;RET UR N
• CS ECT SECOND $ S ECT ION FOR TIMING

T I1IEI: • WORD
TIME ? : , WOR D
TI ME4: • WOR D

• CSEC T
• END 11MEV

C6 — NEW24O.M AC , Determination of Real Time from Data
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- C E - E C T
• T I T L E  BEGI NN ING F 3 P T I O N
- GLdEL C- N~~R1. 1111EV, II l- 1E-:
- 1-1C :ALL - , ‘,-‘2 . , - REG(- ’EF . P EA C ’ W.  - P R I N T
- , ‘-/ 2. -

- R’EGDEF
1-IA CRO N;-: E-~~~F MAC PC’ CALL FOR READING

- PR IN T 015 61 -; DA T A  FROM C-’ ISK
MCI V #E~1, FF 1. ~~A D D E;LC ’C -k2 , EL CI(I~j
Cli P T O T AL .  ELC IC . I ,j  - TOT A L >S LO C I : j ?
E:GE - . YES .  EPIC-’ OF FILE
JMP 1114 1

P EA t --U 0AFE F~2 - *1. P4 , LPEC 1,  E:l CIc:Ki • R~~~D
CIF’ u :
• EN ( ’ M

C M P R I :  MCI V pc ’ . — ‘  SF’ ) , P U S H  P0
- 

- 

1-I CIV F 1. — 

~ S F )  P U S H RI
MC’ V R 2 — ‘ • S F >  , F - U S H  P2
M O~ R .  — (SF- :’ -‘ F-USH RS
MCI V P 4 .  — (SF’) , PUSH P4
NOV F’5. — ( S F ’ ) ; PUSH P5
MCI V RESE F-1 .  P4 ; SET UP P4
NOV F’ESER2. PS- S ET UP P3

H PlOY ~t2. E ’AT AN O ; SAVE tO P15 FOR TIPIING
CLR TEST:~ $ IEST3=0

A L P H A :  C:LR TE ST I  a T E S T I O
• C- IF ’ T E S T 2  ; T E S T O U

BETA : 1NC: ~~ ,NE)- : T DATA F-Oil-IT
C l-iF’ PS- . LPE~:1 El-ID OF BUFFER?
8G T G A M M A  ; Y E S .  0010 G A M M A
J1IP E F ’ S I L  NO. 6010 E P S I L

GAMMA : IICI V UE:UFFS, P2 • SET lIP P2 W I T H  A DDRESS
SUB o;- o F-4 • F’O [UT TO PREVIOUS RDc~RES S
CLR PS -‘ S A V E  B DATA P O I N T S  OF

D E L T A : NO V ~~4’+, (k2 F’R EVI  OUS BUFFER
I N C  PS
C: 1-7 K’ U 10, PS
BIlE L:’EL TA
PINEUFF . P E A L)  DA T A  FROM DISK

EPSIL :  CMF’ 01, TESTS TE ST 3 I?
BEQ EF’SILi .V ES . GO TQ EF’SILi
ClIP R4, R ESE R4 • R4~ RE SEP’4’~
EPJ E Z ETA 1-10. 601(1 Z E T A
PlOY *I~ TEST: : $ TESTS- 1

E&S ILI : CliP (P4 ) .  0— 100 ; (R4) 100?
• ENE OMEGA NO, 001(1 OMEGA

Pl OY *1. T E S T Z ’  YES. TEST2=1
ADD *2~ R~ • F’ASS TWO t-’ATR P15
ADD *4 . R 4  ~FO IP4 T Id NE)~T PT

Cl — NEW400.MAC, Searching for Beginning Portion of Waveform
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N OV ( P 4 ) + , TI PIE4 — SAVE D A T A  I N  TIP1 E4
JS R FC: ,T I M E X  •- CALL T IMEX
CliP PS- , LRECI ; B U F F E R  IS FULL?
£LT OMEGA NO. 6010 OMEGA
JIIP GAMMA ; YES, 601(1 GAMMA

O M E G A :  N OV (P4 ) .  T! P1E4 ~GE T THE PEAL TIME
JSR PC, 11MEV $ C A L L  T 1ME V

ZETA. CliP $ O . < R 4 )  a O < ( R 4 > ?
SLE THETA • YES , GOTO THETA
AD D #2 , R4 $ F’OINT TO NEXT F’T
C t-IF’ #1. TEST 2  I 1= T ES T 2 ?
BFQ RHO ;Y E S ,6 0 T Q  RHO
N OV *1. T E S T Z  ; T E S T 2 I
JI-1P BETA ;GOTO BETA

T H E T A :  CliP *1, T ES T 2  T EST 2 I? H
BE Q ETA • YES. 6010 ETA
ClI P 01250. , R4 ) +  ; F PEQ . <80 HZ?
BLE F 5 1  ; V E S ,  6010 F S I
J I-I F’ ALPHA ; 1- lu - GOTO ALF ’HA

P S I :  MCIV 0 1. T ES T 2  • T E5 12 1

-fliP B ETA G O T O  B ETA
ETA. Cl-IF- 0900. , (R’4;.÷ • FREG’ . <lii HZ?

BI T  R H O  a Y ES , G O T O  RH O
JMF’ AL F-HA — NO, GCITO ALPHA

F - H O :  INC TEE -Ti , TESTI=TESTI+i
C- I-i F’ * 2. lEE-T i  • T E ST 1= 2~SE Q PHI - Y ES. - 6010 F-HI

B ETA - NO, GOTC I E:ETA —

F’HI : NOV *SUFF :, RI - SET UF’ RI W I T H  A DDRESS
d I R  ( P i)+  S A V E  ONE 0
NOV T It’lEI. .Ri:~+ STORE T I M I N O  [:‘FITR
MOV TI l-1E2., <RI ) + , ST O RE T I  P1 1 1-J O D A T A
C L R (R1)+ ~SA\ ” E ONE LI
l’l (IV R4 .  RESER1 • SA\- ’E P4
N OV F ’ S- ,  R E S E R 2  ; S A V E  PS
C- h F’ PS- . $110
BLI S IGMA YES , G O T O SIGMA
SUB *20.- P4 N d ,  F4=R 4—i6
B R - LFI M E:C- Fi • G 0 T C ~ LAI-I E-- [:-A

SIGMA (:LF F’S
MCIV *E:UFF5, P~ - ‘ SET UP P2 W I T H  A DDRESS

I A PPR - PlOY ‘ R’2) ÷ .. ‘ P 1 )  ~ STORE S D A T A  F’TS
I NC ( - A T A N U  IN TEMFURFIRY BUFFER
IPJ C- P5
Cli p *10, P5
E -N E l(A FF’ A
A SL  F’ :. - RS=F-;e2
S h E  p- :- - P4 - F-4=R 4—R;

L A F 1 6 D A  : t-I CI V ~ P 4 : - -.’ , , R1  ‘f  , SlOPE DATA F- CI I PJT S
IIIC (‘ATRNO UP TO CLI P RENT E~A T A  PT
Cl -iF P 4 - F - E S E F - i W H I C H  F I T S  THE C R I T E R I O N

C7 — N 1~~4OO.MAC (Continued )
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E :l -4 E LFi ’l~~ - A — L C C I F

Jl- F -ur  &C’~~O O U T
F I N I  : I-iCy 0200, FL r~G , 5- IT UF’ FLAG
CUT. NOV Ri, R EF-FE:-

~-I U \-‘ • 5 - - + , F 5 - ‘ F O P  PS
MC’ V ( SF -‘ . P4 - P0K’ P 4
M C I V  S~~”+ , F.: .POP PS-
I-i C’ V S F- : ~- , F’ 2 POP P2
MCI V ( S F ’  ‘ + -  El F-dIP RI
lIL lY  ( E - P ) + , PCI p_ O P R~R T S  F- C I~ ’TU R N

1IS~3I : - ASC - IZ ,-RE A (- - F iT E:/
- EVEN

TE ST I  : - W OR D c~
TEE-T2 : - WORD
TEST S- : - I ’IO RD 0

- (SECT TCI-1 FR .SECT ION FOR WAYEFOPl-1
D A T R N Q :  - i- lURE ’ 0 • SE~~- 1EPi T , i T QPl A~i[’ STORAGE
A P E A 1  - BL}~i-l 5
F L A G  - I-lOR D (1
IR ECI : - W O R E .  C’
T O T A L  - - W OR E ’
BLOC }~1: - WO F - C’ U
B L O C I . ? .  ~os- r’ 0
R E S E R 1 ,  - I-lORD 0

• R E S E R 2  ,~~~~-J ’:’ F c  C’
RESERS- : - i-l r~~(’ ~

,

RE SE P4 : - t’l0~~D
SUFF5: - E’- LHJ 10
B U F F  1 : - E: L H-l 14000
6 U F F ~ - - F~Lkt-J 5c’ O

- C . E C T  ~-ECO P 1C’ - S E C T I O N  FOR T I M I N G
T T i lE  I - - I-~ dIR 

(
~T 1I1E2: - WOR D

T I M E 4  - - I-lORD
- C - S E C T

END C I-I F F’l

4

C7 - NEW400.MAC (Continued)
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- (SECT 76
— 

- T I T L E  C E N T R A L  Ff ~R T I O N
- G L O E L  C M F - P’2.- T I M E V. T I  ME~:

MCALL - - V - • - REGC ’EF- REA DW . - F- R INT

- REGC’EF
- M A C R O  N~~E1IFF • MACRO CALL FOR R EA D IN G
- F R 1  PIT $MSGI • FF011 DI ~- f ~
MDV Ø B U F F I - R4
AD D E L OC - b~~, BLC’ C~~ICl- IF’ 101 AL .  EL cil :~ I - - T O T A L BLCI C ~c j ’
86E - , Y ES.  F INISH
STPI P ElI-Il

- REHDW øFi~ 5-A1. $1. ~ 1- LF EC I -  ELfI(kj REA D
dIR
- EN (-M

CIIPR2 NOV F~ ’ - - -~ ~~ - - PUSH RU
MCI ’\-’ FL — k -F - • F- U s-H Pt
NOV P2. —~~~F -  - ~U5H R~M O- -  R : ~ --~~ ~~~~ ‘ - PUSH F~
MOV P4  - — ~F - - FijE-H P4
MCI V S5 —~ E-F ‘ - - F~ ’~~ ~-5
MOV PE SE FI - P 4  ~~~E ~~4
MCI V FE ~~F~~:- - k :  ‘-i~- -E ~~MCI V f E ~~ -~~~~- P t  E - C \ - E Fj
MCI V F :~: =~~

- :

C L R  ~- O  O= -
A L P H A  C L R  ~~~~ - 

~~~~~~ -(‘

BETA INC F- : - ‘ : - ~~~
- : ~i F

t M P  ,‘ .- -  ~ C I  E L L r ~~ R I~~ F U LL ’~B G T (~~- I- :~ - i - ~ ~E.  GCI T CI Gfiru’lA
Jl-t F’ E~~ ,IL • ~IC’ - Ci CITCI EF ’S-IL

GRil l-I A , M0\- FF ~~[F’ ,- - s :  , -~~~~~
--
~~ 

p- :

1-10” f E  ~- ER ~ - F4 - 5A\-~ R 4
D E L T A  - M O ’ - - ~:4 -

- + . ‘ R i  - STC’RE DATA FC’INTS
I t I C Dr T~ i~ I u l

Il-IC - ~~~~~~~~
C h IP P 2 .  L F Ei. 1
61--h E L-~ I l l  - i. oor-
r4 : - -: E ;U F F  - F~~A t -  c~R T A  F F 0 1 1  ~- I  s~-EPSIL - C- ME 4 ’ . ~ — t C ’ u  — R 4:-=— 100 -
ENE E T ~i • uC’ , GC’ T CI E T A
ADD - PS • PA~~ TUC (- -~ s T A  F T S
ADD M2~ ~4 • r, DT C ’ NE :-: T r- ’ ;~ F T

- ~ 4 -
‘ - - T lIE 4 - S0 ’E C- Fi T H l i i  T I  M E 4

Js~ ~
- - i IItE ~ : - C h ~~L ni ’ E: - : F OP T I M I N G

E T A  - MO\-’ - ~ 4 ‘ - Ti 11F4 : - l\ -E DATA TN TI I-iN
f l  T I t ’ E ~ ’ . C u L  T t l - I E V  FO P’  T I M I N G

ClI P ~ 1- T i ’  - - 
-

I i-~~ F A .,-c C , 6010 I- FiF-F’ R ‘

(II F N j~ ’ . l’ , ~~~ 4 ” 4  I ‘s E ’  ‘~9~ ’ H~~(-L E Lh~IE [ - i i  - •,:~,E. - IJO T C’ I t~I1EDA
jI 1.~ HL I , - r  - PIL l , ‘~ DiC ’  AL F’HA

~,ArPA (NP N1~ ’ ‘ - - I- -~ • . FR EC’ . ~~~ H~

C8 — NI -W, 2 O.M, ~C , S- .~~chi~ g for Ccntr~il Portion of Wavefon5
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E - G E  LAMBI :’ A • Y E S , GCI T CI LAMBD A
J PIF AL PHFI • NO. Gd ITO ALPHA

LA M BDA. INC PS ;R5 E5 +l
CM F $6 , PS ,

BEO I-lU • YES. GOTO 1-lU
J~lF’ B E T A  NQ. OOTO BETA

I-lU: C t-i F’ 01,.- PC’
BEQ Nil • YES.  G C ’ TO Nil- t NOV 01. P0 .NO ’  R0~~l
STIW A L P H A  ,&O T O A L P H A

N U :  MOY F-’S- RES E R’ 2 • SAVE RESER2
NOV P4.  PESEPI SAVE RES ERI
CMP R’ESER’S-, Ri F-EsER:~=Ri?
B - N E T A L l NO~ 6010 TFIU
SUB P2. PS - •

TAU t ASL PS-
SI~~

516 1-l A . MDV R 4-’+ , (RI). .STOFE DATA P O I N T S
INC C’ A T A N O
C t-i F R4 . RES ERL •R- 4~ RES E Pl?
BNE SIGMA .1-10, LOOP
JMP OUT YES, 6(110 OUT

FINI: NOV 0200 , FLA G .SET UP FLAG
OUT:  NOV F:i. FE~ ER:~ S A V E  R I

MCV ( 5 -P ) +. PS POP PS
(E-F’ +, P4 POP P4

N O V  (S F~- + , PS - ,  FOF PS-
I-T CV ( S F ) + , P2 — FUF’ P2
I-I CI V ( 5 P ) + , Rj  P O P  R I
110 V ( SF ..- + • R U FC I ~‘ RU
RT S F-C - - F~ETUR1 -411501 : - AS~ I ~, REAi -  A I
- EVEN
- CSECT TC - M1’R- . S E C T  ION FOR WAVEFORM

DATAN U - i-J~’Ft. 0 .- S E G M E N T A T I U N  ANt) STO RA GE
A R E A I  : - E :Ll~W 5
F L A G .  - I- lORD ci
L REC 1:  - WO RE - 0
T O T A L  - W ORD
C LOC~ 1 : W Q RC. U
l~LOC f~2 W OF :C’ 0
K- ESE RI - W ORD U
RESER 2 WORD E’
RESER: - WO K- I’ U
FSESER4. - I-lORD

~UFF5 . - E~LI< W 10
B U F F I  - E;Lkt-J 14000
EIUFF3: - E:L~ i-i : - socs

- CSECT SECOND .SECT IOU FOR TIMING
TIMEI ; - WORD
1111E2 -

T!ME4 . i-I CI R’C.
( SECT -

- END C P 1FFZ

CS — NEW42O,Pt~-’tC (Continued)

-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~ - 
j



_ _ _ _ _ _ _ _ _  
_ _ _ _  - 

I

H

APPENDIX C 78

• CSEC T
- T I T L E  FINAL PO FT ION
- GLOE :L CMF’RS-. TIMEY. TIMEX
- M C F I LL , - V~~. - • ,  REGC’ EF . - P EA DW .  - PRINT
- - V2. -

REG DEF
- MACRO NXBIIFF • MACRO CA LL FOR READING
- PRINT 0115(11 ; D A T A  FROM DISK
t iDy OBUFFI . P4 SET UK’ P4 W I T H  A DDRESS
A D D  EILOCK2 , B L O C K I
d-l-IF’ TOTAL. ELO cK1 ;
BGE - YES . END OF FILE
JMF’ FINI

REAC’ W $AR ’EAI *L .R’4 ,LR E C I.B LO CKI
C . L R
- ENOM

- - CMP R 3 : MOV P0. — ( S F >  PUSH RO
MD V R1. — ( SF ’ ) ;F’USH Ri
IiO\” P2.  — ‘ 5-K’) ; PUSH P2
N O V  P S-, — C E - K ’ )  • P U SH  PS-
t1O~ ,

’ P4 . — ( S F )  F’LISH P4
1-b Y P5. — & SF’) PUSH PS
NOV RESERI. P4 i SAVE P4
MDV K’ ES EP2. PS - •  SAVE PS-
NOV RES ERS-, Ri SA VE RI
N O V  RS- .R5 ;R5~ R3

A L P H A :  C L R  TE ST I  .TE ST I C’
C :LR TE S T Z , T ES T2 = @

B E T A .  INc. PS-
C l-b R PS-, I REC1 B U F F E R  IS F U L L ?
661 G A M M A  Y E S~ 0010 GAMMA
Jt’lP EF’SI L ; NO — 0010 E P S I L

G A M M A :  N OV RE5 - - E R2.  PS - S A V E  PS
l’bUV FEE-EEl. P4  . 5 - - A V E  P4

D E L T A :  1i0’/ (R4)÷ , Ri)+ STORE DA T A  POINTS
INC (‘FITANO
I Ut. PS - .R =RS-+I
C M P  PS-. LREC : I P2 LREC I’
BNE DEL T A  - NC’ . 6010 1:-ELlA
C - L R F’S
NXBIIFF • YES .  REFit’ DATA F R O M  D I S K

EPSIL : ClIP ( P 4) ,  0— 100 -‘ (R4) — I0€ 1 ’
ENE Z E T A  • PlO. 60 10 Z E T A
1-1OY *1. TE S T TEST2=i
AC- C) 02~ K’S - •  P A S S  Ti-i U DATA F’TS
ADD 0 2. P4 . POINT TO UE>:T D ATA
MCI V ‘ F 4  ‘+ .  T I  tl~~4 - SAV E DAT A I N TI ME4
JSR F’C, T Il- 1E>~ C A L L  T IM E -: FOP T IMING

Z E T A :  Mcl v - F-4 ,~, T I M E I 5 - - AVE DAT A IN T IME4
JSR FC - . T I M EY  • CRLL T I M EY  FOR T IM I NG

C9 — NE W44O. MA C Searching for Beginning Portion of Next Waveform

~~~1.1-
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C:1-1 F- $0, ~r~4 > •

E :LE T H E T A  , YES.  GO T CI THETA
ADD P2 ,  F 4  • F’R~~5 ClUE DATA P O I N T

P1. T :~~T 2 TE S T2 = 1?
E:EQ I-l U YES. GOTO MU
NOV P1. T E S T 2  TE S-12= I
jt-1 F’ :E’v~ ; GCITO B ETA

THETA : CliP PLTEET2 •TEST2=l?
ETA YES . GOTO ETA

CtIF ’ $1250. , P 4)  + - FF:EGL <~~O HZ?E (E Xi  • YES. GOTCI X I
3 1-IF A L P H A  ; NO . 6010 A LFHA

X I : t i d Y  $1, T E S T 2  - ; T E S T 2~ 1
J f-1F- E:ETF; Gc ’T O (-ETA

E T A :  C f-i F $900 . • ( R 4 ) +  ; F F-:E CL <110 HZ?
E:LE MU YE S- .. (1CI TCI MU
JMF’ FIL F’HA Nfl . 6010 A LPHA

f l U : INC TESTI  , T E 5 - T 1~~T EST 1+j
C t-i F’ $2 ,  Y E S - T I  • T E S T 1~~2~ ’
BEQ Nlj Y E S .  6010 NU
j r-IF B E T A  • NC’ . 6010 E:ET~NU - M C”-) F::, F:ESE~~

- SAVE F:ESEP2
N O V  P4 ,  F : E S E F 1  SA V E  P E S E R ’ i
MCI V P4, PEE-ER 4 S A V E  PES ER4
SUE : 02 .  FESER4 F:ESEP4=PEE-EF:4—2
c_ li p PESE F- ::, RI , F - E S - E S ’ :  =Ri~’
E :NE T A U  - P-IC ’ , 6010 TFi U
SUB PS, F- :: R::=~ :;— R5

T A U :  A S L  F:S - RS-=RS-*2
SUE; F::~, P4 R4=F :4 —RS -

OM E G A :  NOV ( E4 ) + , (Pt  )+ S- lO PE DA T A  POINTS
IP ~lC ES
I N C : C’ATFINCI
CliP P 4 , F:ES E R1 F : 4 = F E SE Rj . ?
BUE Ol- 1EGA P-ID, LOOF’
BR OUT ; YES. 6010 OUT

FINI : NOV #200 .  F L A G  SET UP FLAG
O U T :  CLF: (Pi.~+ S A V E  ONE U

N O V  T I f - 1E I .  P1)+ ,SAVE TIM ING DATA
1-10 V T I tiE 2’. ‘ F: 1 ) + • SAVE I I t-T I NG E~’ AT A
1-bOY ftE:IIFF :, F-i ; SET UK’ RI. W I TN ADD RESS
MCI V (:‘ATAI-l ci , (Rj ;’ • S T OF - E 1- 10. OF DATA P15
N OV R E S E F 2 -  P - . -‘ F-: =EESER2
CIIF’ 01 0 F~ • 3 — ~~~BLE F-HI - - V E E - , G ( , T C I  F-HI
SUB’ PS-. K ES ER2 ; RESE ~:2~~PES EF :2— R~
A S L F: S - .  F. 5 = ~ 2SUB R:- , F E E - S K I  . F E S E K i = R E S E F : i — R S -

F-SI • GO ld F’S-I
PH !  : f-l i:iV F:5.. FE SEF: .: • SA\- ’E RES E R2

ri :’— -’ P4 - R E E - E R t — cA ’~’E r E S E P ’l,

C9 — NEW4’.O.M~C (C~nt:inued)
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SUB *10. RESER2 •SET UP RES.ER2
SUB *20. RESERI ; SET UP R E S E R I

PSI: NOV (5P~ +,R5 ,F’ O F’ P5
N OV (S P” + .  P4 s F’ O F’ P4
t IDY SP)+, PS - ,  F’OP R~.
NOV <S P) + .  P2 ; POP P2
tIDy (5K’)+, RI POP RI
P- bOY (5P)+ .  R(i POF’ RB
P15 PC • R E T U R N

M5Gi : - A S C I Z ’ R E A D  AT E~’EVEN
TES T : - WOR E )
TEST2 : . WO RE) Es

C SEC T T CNP R S E C T I O N  FOR W A VEFORM
DATANO: • WOR D 0 ~S E G M E N T A T I O N  AND STORAGE
ARERI : .81KW 5
FLAG : . WORC’ U
L R E CI : • WORE) U
TOTAL : - WORD
E LOC K 1: - WORD U
BLOCK2:  - WORD 0
RESEE’ i :  - WOR D Li
RES E P2 :  - WORE) U
RES E P3:  , W O R D  Ci
RESE F’4 : • W O R D
BUFF5 : - B ’ LKW 10
BUFFi : . BLIC W 1400B
BUFFS-: , E:IKW 3500

• CSECT SECOND S ECTI ON FO R T i M i NG
TIFIEI: - W ORD
TIME2: - WORE)
T IM E4 : - W O R D

• CS EC r
END C l-1PP

C9 — N~W44O,MAC (Continued)

- CS - ECT
• T I T L E  GF:IDY. YSHOI- l • D I S P L A Y  G RIDS OF V — A X I S
- G LOB ’ L G R IC ’Y.  Y SHOW ; A S FRE~!. FROM Es TO 200 HZ
L F S V C 1’Cl4 16
- t I Ct I L L - - ~“2 . - , , PE&t- EF

- V2 .  -

R’EGDEF

ClO — NEW3 I O .M A C , Display ing Vertica l Coordinate
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, M A C R O  SHOW A , B. C. () • MACRO CAL L FOR DISPLAY ING
NOV *A ,  YPOSI. • DA T A  IN  S U B R O U T I N E  ‘Y SH OW ’
MDV $8, y’POS2
NOV *0, YPO SS-
MDV *1’, YSCALE
JSR F C ,  YE - HOW
- E ND M

GRID’~’ : NOV RO. - ( S P)  • PUSH RU
I -b O Y Ri. — (SP) PU SH RI
P-bOY R2~~— ( S P )  ~P US H P2
Pl OY PS-, — ( S F ’ ’ PUSH PS-
I-bOY P4 . — (  SF) ; PUSH P4
NOV PS, — 5 P ) • PUSH PS
P-bOY 010000. LF’SV C ERASE THE SCOPE
SHOW 1-12, NO, NO. 200. $ DISPLAY 2(10 ON SCOPE
SHOW Ni, NB, NO - IBEI. DiSPLAY 180 ON SCOPE
SHOW NI. 1-16, NO. - 160 D I S P L A Y  160 ON SCOPE
SHOW Nt . 1-14, NE’. 14(1. D I S P L A Y  140 ON SCC~F’ESHOW Ni. 1-12. NO. 120. • D I S P L A Y  120 ON SCOPE
SHOW Nl~ N O ,  NO, 20(1. DI SF1 AY 100 (IN SCOPE
SHOW S - F A C E .  NB.- NO. GO.  D I S P L A Y  80 ON SCOPE
SHOW SPACE. 1-16. NO- . 60 . ~D l S F L R Y  £0 ON SCOPE
NOV (5P~- ÷ -R5 • POF’ PS =
NOV (SP)+.P4 .. PCI F’ P4
N O V SP ’+ . K S  - ;  F O P  R3
M DV 5F- :’+, F-Z PCI F’ P2
I-lU’) ~s~~- +. K- .t , PCI F’ RI
1-l OY ~. SF’ ’ + . R U  ; PO F PCI
P15 F’C ; R E T U R N
- C S - E d T  Y l - A T F i  SE CT I O N  FOR V — A X I S

— Y P O S I : - E:LKI-l 5.
vPos,:’ - - E :LKI-j :-

- E ; L} - l-J :-

Y S C AL E - l-IOPD C’
- C S E C T  1-lUMBER • S EC - I ION FOR NUMERICAL

1-10 E - Y TE ~E- 121. 111.- 105’ 76- . C:HA~~AC T E R5
111 - B Y T E  Es. 102 . 1’7. 10 (1.0
1-12 - BYTE 142. 121. 11 1 . 1(15, 1(1 2
US : - F-V IE 42. 1(11. 111 - 1- 11 . E E -
P14 - E~- T T E  - U - ~4. 2-2. 1 77’ 20P15 - - B Y T E  4 7 .  105. ICiS- icis . 71
P16 BY T E  ‘6 -  1 1 1 - 1 11, 1 1 1 . 6 2
N;’. F- VIE 1C’l . 41.21.11 .7
Pl ~. - B Y T E  t - r - - 1 1 1 -  l~t i -  1 1 1 - 6 6-
P1 9 BYTE -S e- . 1~~ 1. 1 1 1 - 1 1 1-  76-
SF piC F E- ’, T E  ~‘ . ‘ ~~‘.  U - ‘:‘

E V E N
(SECT
SPIt’ ~~~~ 1 ~

li t , — N} :,’ ; I U . M A C  (C~ n t in u cd)  

_
~~~~ - _..~~~~ .- ~~L1~.r ~~ --. :~~~
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- C-SECT
T I T L E  Y SHOW

• GLOSL YSHOW
LPSVC=17@416
LPSYC ;-=170 42 Es
LF’SV CY = 1704 22
- PICALL - - V 2 .  - . - REGD EF

I’-.

- REG DEF

THIS SU B ROUTINE D I S P L A Y S  NUMER ICAL CHARACTERS
ON THE SC- OF’S AS THE INDE;-~ OF Y—RX IS

Y S H O W : I-bOY PC!. — (SF’ ) , P USH P0
MO V RI. — SF’ - ; F 1 5  H RI
I-bUY P2. — < S F )  PUSH P2
N O V  P S-, — S- F~ P U S H  PS-
NOV P4 .  — ( S F’ ) 

• F’L’SH P4
f-bOY KS ’. —<SF ) F- L:SH P5
CIR P 4  $ P 4 = 0
CIR TEST I N : T I A L IZ E  TEST
CLR LF ’S-VC:X • VALUE OF HONK- I =0
C LR PS $ R 5=~l H
C L P  F- I

A L P H A : A D D Y E - C A L F .  PS R5=~~R E0-s 16
I N C  RI
C~-l F’ 0 20. Ri
81-JE AL F- HA NO, LOO K’
N OV PS.  YL I NE • SAVE ’  FRE (I*i6
SUE: *40, F-- S •

I-bOY K-S. YE -TAR — SAVE PS
NOV YPCI~- 1. PU • MOVE F IF - ST C :HARACTER
BR D E L T A  3010 D E L T A

B ETA PlOY Y F O S - 2 .. K’(t ; NC’V E SECOND CHARACTER
f - bOV ~~~ TAR .  F’ 5 - M O V E  H C IN R I - GRID
ER C-EL TA ; GUTCI D E L T A

GAMMA: NOV VF-05 . RU - 1- lOVE THIRD C H A R A C T E R
P- bOY YS T A~~, F’S -‘ I-lOVE HC’NR I - GRID

D E L T A :  I-ICIV *— 5 .Pi -‘ R1 -5
E F S I L  A D D  0 15, P 4  - ‘ R4=R4~ iS-

t ’IOV VS T FsP .  PS • M O V E  CHARACTER TO PS
I-bOY 0 — 7 ,  F2 •

I- lOVE- • F0”+ . ~~:- - 1- lOVE E B ITS  TO PS-
‘STA : P018 , RC ’TAI E 0 El I  IC’ C:ARF:Y

BP L I O T A  • c A R R Y  8 lT ~~CI~’
N O V  # 2 0 02 .  L F E - V C  ; N O .  SET UP S T A T U S  OF SCOPE

E T A  1518 LFS-V( , s r  (‘FE F-
EPL E l  A - PlC’ . P-J A IT
PlOY F--S . t, F~~’,.’C V - ~ES. PUT (‘NE Dcli 01-1 SCOPE
Pt’) ’~-’ P4 • L F S V C >:

Cli — NEW32O .MAC , Dis pla y ing Ver tical Coordinate

- - - ~~~
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IOTA . AN- 011. P5 • INCREAS E VERTI. EY 9- t I 
INC P2 • TES T D OTS FOR A CO L U M N
61-JE :ETA

-
~~~~ INC P1 - $  COLUII PJ S FOR A CHARACTER

BUE E F S I L
INC T E S T  ~TE S T THREE CHARA CTER S

- - CtIP #1. T E S T  ; T E S T I ?
— B E O E~E T A  1Y E S .  TRY SECOND CHARACTE R

CMP #2 -TEST s NO.TEST 2~B E O  GAM MA • YE S .  TR Y THIRD CHA RACTER
A D D  #100 . P4 HON RI. INCREASE BY 64
M O ’) VI I N E .  P 2

- 
- ~-~R P FA :  NOV $20~’2 - L F’SVC -‘ S E T  UP STATUS OF SCOPE

M U .  1518 LF S \- C ;SCOPE REA DY ?
E-PL MU ~NO. W A I T  FOR READY
i N C  P4 4 Y ES .  INCREASE HONk! . BY 1.
f-I C:’) P4, LFSVC .X • G E N E RA T E  ONE DOT ON SCOP E
Mc i v R.~ - L P S W C Y  — I V E E P  SAP - b E VALUE OF V E R T I -

C- I-i F $ 7 7 7 6 .  P4 • OUT OF RANGE OF SCO PE?
BIlE LAF~~A • NO. 1-~EEP DiSPLAYINGI-,~~V 5 P ’ ÷ , K’5 - POP PS
P-i C’ ’) . SF ÷ , P4 — F’OF P 4
NOV 5 P - + ,  K S  - •  F- O F- K-
~ OV ~ SF-~~+ .. P2 - POP P2
NOV • S P ’ ÷~ R I  • POP RI
1-10’) ~ +. K-El F - C F PCi
RT S F-C .RET UK -N

YSTAR . - WORD 0
YL INE : - WC ~~D C!
TEST. WORD U

- C - S ECT YDA Tt’i SECT ION FOR V — A X I S  j .
YPOSI . - BLKW
‘v’P052- , - BLI- W S-
Y POSS- : - B L K W
Y S C A L E  - - I- lORD 0

- c-SEC - T
E N D  V S H C ’ W =

Cit — M:w~~o.f t\ c lCon t i nu e d)

- ~~~— — ~~~~~~~~~~~~~~
-
~~~~

-
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- CS EC T
- T iT L E  015P THE DATA (iF 100k H
- GLO E L DIS F’ . XSHC IW
LPSVC-=i70 416-
LF’Svc ~-- : = i 7O42o
L PS V CY= 17(14 22
- 1- ICA LL - - V2 - , - R EG D EF

(I..
- - Y & . .

• R E G D E F
- M A C R O  SH O W ~~~- B. i: I1ACF- ’ O CAL L FOR
1-bOY PA, >-~F CISi • C ’IS FLAVING X—RX I S
M D V  #8-. XF’C ’52
MO’) PC- , XF O S S-
~TSR FC- , XE -HOW
- ENDM

DISP:  I-b Y R’O . - .,S F )  1 PUS-H RU
I-bOY RI, — ( S P )  -. PUSH Ri
MO’) R2~ —~~SP > -‘ P U S H  P 2
I-bOY PS-. — ( S F ’ > • PUS- H P5-
N OV P4, — 

~. SF P U S H  P4 - H
MDV PS, — ( S F ’~’ • PUSH PS
PlOY PBUFFSO. F~ SET UP RU W I T H  A DD RESS
MO ’) F IR S T ~~R1 - SET UP K- i
P1OV L A S T .  P2 • SET LIP R~
SUB Pt. R- ’  • P 2= R 2 - P i = C ’A T A  P O I N T S
NOV P2 .. D A T A I  S A V E  NO. OF DA T A  F’TS
MCIV $1@OUO~ P4 • P4=4096
CL K- K’S • P5=0

t~E Y1 : SU B P 2 .  P 4 R 5 = 4 0 9~~/ R 2
I N C  PS
CMF P2. P4
E LE D E VI
A S- I  K-i - P 1 = 2 * - R i

R i .  RE ’  R0=A Dt’PESS OF FIRST DATA
MO’) FIR’ST~ F-- I, - R 1=UO . OF FIRST DATA
D E C  P1

S T A R T : CLR L F’ 5- \~’CX , L P S Y C X = 0
C R 1 1.  C N P  • K C 1 ‘ .- *-- I i ’O. • VALUE=— i€ ’0?

6-NE A L PHA — NO. GC’ T C’ ALPHA
A DD $4 .  F-U 4 S~~T F  T W O  D A T A  PTS
ADD # 2 ,  P1
MO’) o:~~oo - T E S T  . D I E - F - L A Y  IN SF - EC IA L FORM
JI-i F~ NOV El

ALPH~~. MO’) ~F -O • + .  P4  SA V E  (-‘A l A  IN P4
INC RI •R1=R 1+i
C r-I F F-- i .. L A S T  - R1< LA ST~6 - L I  C R 1 ~ - ? E 5  6010 CR12
JMP (lilT • G O TO C I UT

CR1 2  110’) E 002 .  L~~~’-’C  - S E T  LIP THE S C O P E
R EA D Y  T E - T E :  IF :~ -‘C • S- C UF’E F E A C V ~

C12 — NEW 330.9AC , I~tsp i~ivi ng D~it~ ~nd H or iz & nta l Coor d inate
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6-FL R E A D Y  • NO.  WAIT
C r-i F’ •# 4 8 0  • P4 4 S O - ~N O .  OF C O U N T S?
6- LI f~A?-It-1 A O YES. 3010 GA -PIMA @
NOV 0S-500. - T E S T  . ( ‘ IS P LA Y  IN SPECIAL FORM
BR 1-lO \ - E l  , G OTO HOV El

GAMPI A C! :  CMP #0 .  P4 O(R4 ’
8-LI GA P- il- bAl • Y ES.. G OTO GA1 - IMA 1
P- b) ’,-’ # 2 10  . TE ST • TES T 200
,1 P-i P P-i U \-‘ E 1 - 30 TO 1-10 \-~ E I

GAM MAI  : MCi ’) f t t~5,Ct -C ’ O , F2 • DOU6LE— F’R’EC I S- ION
NOV # : o ,  F-:
CLR TEST

DEV2 : SU 8- P4.. P2 4 TEST=j. 600, U€i01-’R4
SEC P’S-
INC TEST
CliP #0 . F- S-

:~ 8-NE (: - EV2
C.M F- P4 .- P2
B LE [ E ’ -~-’2

= ( - I OVE I  - A D D  P S -  L F - S V C ~ : N S F - L A Y  A DOT ON SCO P E
110’ -’ T E S T ~ L F S V C  V
f-b c”,-’ LF- S -- C : - : .  ~- SC .A L E =
C l-IF’ [AT AI. 0150. ,DA TA PTS>150?
E-GT (‘LOt ,Y E S . - 30 10 (‘1(01
C L ~ F-- :.

~- 1C’V F:1 P 4
O I — C~. SUE : ~ i 2 - R 4

11-I C PS-
# 12. P4

E L E O~~O
C r-I F’ isü- P4 - R4= c ’ T-
L E O  U~ j  Y ES~ 3010 C’~~IC F - i l  - NO.. GOTO CF - li

O k i  - SUE ~ $ j 7 , F~ • RS-.- ’lC’
111 1-  PS

B L E  c’~~1
C I-iF’ $~ ‘ - F--: - ~~~ 5 = ~~~l 

-‘

Y E S  - GC’ T C; 01(01 =
S H O W ~ F A C E .  S F - A C E -  S P A C 6 . V ER T I . LINE ON SCOPE

(P11 - 6010 C F-T i
C L U l  ( h F ’  t1C!U. Fl

B-PI E (U 11
NI-  P~O. P- IC’ - r IS F - L AY ~0O AN D ~-‘ E P T I

J I-1P C . F T I  — L I N E  O P-I S - C O P E
OL 1 I - - 1-I P $1200 - F - i

E:li F C:i 21 
- 

-

P1 2- . NO. NC’ • ( - 1 S F  L A Y  200 AN D V EF’ T I -

J I I P  C F - T I  , L I N E  ( ‘P-I SC ( ‘FE
01(21 CnF’ # :c ’ :’  , F - - j

6- NE
SH’ l~I . 1-, (i ’ N*, ’ - r- SF - LA Y SUCi  FIND V E RT I -

C 12 — 1-~~fl~~3 O .MA C (C, ntfnued )

~L. - - -- _~~~~~~~~~~~~~~~~ —--~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~



—_ - .
~~ 

- , ,
~
. 

~~~~~~ - - , .  —
~~

-—-
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~-~~~~-- - - - - ~~ ~~—~~~-‘- -~- - ~~~~~r ~~~~~~~~~ ~~~~~~~~~~~~~ .~,: T

APPENDIX C

JMF ’ CR 1 1  4 LI NE (IN SC CI FE - -

OKS-1 - C- NP # 4 0 0 .  • ~-i
6 -N E C 1L4j

- ‘ SHOW N4, NO. i-~ i D I  S F L A Y  4 00 AND V E PT I
JIIP C K-Ti ~ L I N E  (‘N SCC’F’E

01(41 : C l-i F #5C ’O. •

B- NE cu:~ i
Sh~’W N 5, PlO. N . ’  - D I  S F - L A Y  5@O F I N D  V E R T I  -

~T I-1p (P11 - - L INE OP- i 5C:Of ’E
OP-S 51: CliP #t~OO. . RI

6 - N E  01— .t. 1
SHO1-I NC~. NO, NO ; D I E - F L A Y  E-OU A ND V E RT I .
JMP (K-T I.  ..L1NE OP-I SCOPE

01(61: C r- IF # 7 O C ~ • K - i
6- NE
S-HUll N7. NO. NO • D IE - F- LAY 700 AND V E K T I .
J - 1 F’ C.PTI LI PIE (‘N SCOPE 

- 
-

0 1(7 1 = ( r i P  # - : C ’ U - F - - I ,

6 - NE C:~ 6-i
S - HO.-) N~~. P-I C’ . NO ; ( ‘I  SF L A Y  80(1 AN D ~-‘ EF.TI  - H

CR 1 1  . L I N E  ON S - C O P E  H
- C~1P $900 •

E- N E  (I L 91
E- Hu:-J N 3 . . N O -  1-10 ; ( SF’ LFi~ 900 AND \-‘ESTI.
J I I P  C ~:T1 L I NE ON S C O P E  H

(I 
~. 

9j  - C l-I F’ P 1 C 0:’ - - F: 1
E~~ E

~j i ,  N C ~, N O • [‘ISPLAY 100 AN t- V E R - T I .
- j ;-: F- c~~Tj  L I N E  ON SC-O R E

O U T  I O V  (SF’ -’ ÷ , F 5 P O P P 5
~ S-~~•~~. P4 • P O P  P4

5F - + , F : -  F-OF ’ K-S-
• S- F ’ +. ~:2 ; FC F’  P2 H

MC ’ ’) ~- i - - ’. - - . R i  -‘ p c r -  F~iP-I C’’) ‘ S F  ‘+ ~~ F-,) ~C’F RU
F - C 1R ET UPN

(-‘A TAI - •IOPD C’
L SECT SCC :1 E - SECTION FOR DA T A

- E:L~~I-J 2C ’ C’ U
R I R S T  - - ~-J CI F:[.
L A S T  -

C S E C T  ~( ‘PT i  - SEC TI UN FOP X— VA LUE

~ PU 5 i - [ : L l t J  ::
- E- Lkl- i

- - E L  1 L’J :
:-HSCALE - - W 0 F - - C -  0
T E S T .

C ~E( I N LU-IE:EP — S E C T i O N  F O P  N U M E K - I CA L
P l O .  - E Y T E  7 t .  1~~1. 111.- 1C~~, - CHIR K- FICTERS
P-l i - 

- f - V I E  0. 10 2 -  1 77 -  i:’o. o
- ( V I E  142 ,  121 ,  111. 105. ~C’2

C12 — NE’~330.N~C (Cc itinticd)

~ 

- -S- - --- - ~~~~~~~~~ - --- --—--~----- --- -
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1-1 3 :  - BYTE 42.lOi.Ii.i- 1i1, E-6
P 14 : - B Y TE :\ct , 24. 22, 1??. 20

- 

n 
US: - B Y T E  47. 105. 1(15. 105, 71
N 6 :  - BYTE 76. iii. ill . Ii i. 62
1 - 47 :  - 8 -Y T E 1.01, 41 ,21 .1 1. ?
1- 18: - BYT E  66.111. 111. iii , E-G
1- 49 : - B Y T E  46.111,111. i i i,  7~SPACE : B Y T E  0. Cl. El. (1, 0

- 
- 

- E V E N
CSEC T

- END D I S P

CU — NEW33O.MAC (Continued)

- C - SECT
- T ITL E X S H O W
- G L O EL >~5H(’ W
LPSY C= 1?04 i6
LF’S ’)CX= 1 70420

• LFSVCV=1 O4~’~
- P1CALL - - Y2.  - , - R’EGD EF
. - V 2 .  -

- REG r IEF
THIS SUBROUTINE IS IC’ D IE - F - LAY  P’JUMB ERICAL C HFIRC TER~
~IN THE SCOPE AN D EX F-A Nc . THE HON K- I.  SC ALE

X E - H Ot - i : N OV R(1, — ( SF )  PUSH K-C i
MCI V R i .  — ( S P~:’ • P11 5-H K-i
N OV P2 .  — ( S F )  • F U S H  P2
MCI V PS-. — ( S F ’ > . P U SH  K-S-
MCIV P 4 -  — ( S F ’ ) ; F’US- H R4

= MO’) F’S. - — ( S F)  ; P U SH  K -S
- -  - C L R  P 4  • F:4=0

CLR LF-~~-’C - < LF .SY C :X EO
C - L P LF - S ’) C :Y L F S \ - ’ C Y = @
1-10’) X S C A L E .  ~--:i INE .- S ~~~s V E  X S C  A L E
S1I 6- , ~: S C :A L E  X E- C-AL E = X S C - A L E — S - G
P-icy :--:~- os ,~. ~‘c’ • F IF - - ST C :H PRIRCT ER
6-F: GFi r’ :- l A 4 60 10 GAP-i l-l A

ALPHA - P- IOV )
~F(~S2 P 0  • 2N[’ ( :HARACTE R

SR Gi~M s l A  G O T 0  G A M M A
6 - ETA : PlO’) ~F- CSS-. F1’ . S-P’ D CHAR A CTER
G A M M A  - 1-10’) N- ~~. R~ • P 1=— S Fop . 5 COL&l 1- 1NS - /C HA
D E L T A : A DD 1*14. >- :sc ~~ E • F- C’S I lION FOR NEXT COLUMN

C L R  F~ •

C13 — N F W34O. W C , Di splitying Hori~~ntal Coordinate
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JAN 78 S A SHIH • J 0 MITCHELL DAADD7—tS—C—0263

UNCLASSIFIED SPtS—77—UA—42 ERADC OM/ASL—CR—78—0263—j NI.
2cF 2

U
ENI D

D~ TF
FIL ~~

onc
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Mcl v , F 2 = — 7  F .~P 7 PC ’WS/ C .~4 P . R A C .
MOVE : ~F. CI ..’ ÷~ R :  ; S~~VE DPTh IN F.:~2 ET A ;  ROLE: R .  ~~ OT FiTE F :
6’PL KA PPA ~~~~~~~~~~~ E~ IT S ET1 D IS P LAV A (C i~
MOV ~ 2 U O 2 . ~ L F S V C  , S E T  UP SC.~~FE

PHi : TSTE : LFS V C :  • 5(:C IFE READY ~BPL PHI NC,  I1AIT
MOV F~5~ I F S V C ~ YESI  PUT A c ’:’r ON SCOPE

• IWY X SC~~LE, L P S V C X
K A P P A :  A v i i .  PS V — F O S I T I C N  FOR N E X T  DOT

I N C  P2 F~~=F :2 +i
BNE Z ETA ~FINISH A COLUM N?
INC Ri ; Ri Fi+i
BNE DELIA ; FUUSH A CHAR A CTER?
I N C  P4 ~~4= ~~4+j
CMF It i, F:4 P 4 = i ~

.
A L P b F I  , Y ESI  T R’T’ 2UC C : HARFf CTE R

CliP *2~~~4
EEC’ E:ETA T’ ES . . T RY :F:t CHAR ACTER.
MOY ~12ci. F~ •. F:5= i2@

flU t1OV $ 20Ci2.. I FSVC : T LIP THE SCOPE
O M E G A :  1516 1 F S V C  ~~ ~‘F’ F R E A ~’V?

B FL U ri E ri Fi • N C .  L.J A I I
I N C  PS -.

HOV TE S)  F: .  Ri T E S T Y — V A L U E
SUB R5~ F::

~~oct , F:: ,

ELI PSI , ~‘EE1 GC’ T C’ PSI
#E cIc,, P5 •

IWV #4~1C 1UO, TE ST SET LIP TEST
PSI • MOV PS, LF SVC :~ V E F :T I .  S T RA I G H T  LINE

:~I o v XL i N E I P~ v c. x
cl ip N ’ ’ 6 ,  F 5 4c ,35>~~~5?
EGE MU Y ES ,  G~’ To r~iuHOY (S F;’ ÷~ PS , F C F  F’S
PlOY SP) # , F.:4 ~‘O F P4
Pl O Y ~SF’~• ÷ . F- :. ; PC1 F F~PlOY .SF’~~+ 1 P2 , F O P  R~lI 0 V S F ~~, P 1 F U F P 1
Pl O Y 5 P F U , F C F F: C’
PTS PC. PETUF: N

XL I NE • Li C’ F t’ U
C~~ECT : . :CAT A ; E E C T I  OH FOR X —VAL I I E

. 611- - U  3
~FOS 2  : E:L ).

~ J 3
~ F O S 3 : FL k W 3
‘~5CA LE . W CiP C~l E ST  . W O ~~(’C. SEC: T

EU C-~ ~-: ~ HO L’J

CU — N EW 34O. MA C (Continued)

_____ - ________
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C T H I S  FRC ’ G FAP t  IS TO GET THE SLOPES C.OR~~ESPONt~IPIG
C TO THE ~O~~iT I v E  ANC’ N EG A T I V E  CC ’ NC L ICT IV I T I ES .

(~IM E NSIC t N p1(1 ‘92 ”~ IW P- IU ( 1O0 . ’~ T I M E C  20(I) .  (CIN(i i.20(i)
CCI~ItiON M G~ T~~EF. I F R E C ~I . I FR EQ2 ,  I A X I S .  IDI

C C ’ A T A  HA~ E :EE N STC ’RE ~’ IN THE DISI( UNIER THE
C FIL EnA ~iE ~‘S HI H 1c 1. (‘fI T ’
10 TYPE :o

FOF~tA T < 1~:, ‘NC ’ (‘F E:LOC :~ ?~ FI~~5T RN(,’ LAST W A V E F O R M  “ )
- A C C E P T  50. !E~L O Ck~ I & E G I N  IFPW
50

LI EC= 2 5G ~~IE~LC ’ CV
I B = I E : L C, C~~, I B E G I P 1 — 2 ~’
IFLAG:~~o

~“C ’ 2000 J = I E E G I N .  I E N C ~
I I E ~+ I E ~L O ( I

C S UCROU T I PIE . HEC . I ‘~ T O P F ~~ rA IF ;  FRO M ~‘I 5K
CALL C H EC~ < N .  I~~. LF:EC~I t1!5
1 D 2 = r 1 . i  ‘ — 6
TYPE 100. J~ M( 1:
F C R f~T / / .~, 1~ :, ’ w A v E F : , ~~M ‘

~~ ~~~~~~~~~~~~ F’TS : ‘. 14
C S I J E F O U T I  NE ~R I  ~~~~~~~ rmc t~i S F L A ~~ V — A X !  s ON SCOP E.

• iSO CALL G RI C ’ Y
C 5 LE:~~C,LJ T I H E (‘ I ~F MA C )  (

~ I S F L  A Y S  c~A T A  P01 NTS (IP1 SCOPE.
C A L L  ~‘ ISP P1 . 1(1. ~~~~~~~~~ lA X

i ’ O  TYPE 180
iSO FOR MAT ‘1:-:, EXPAPJ ( U ~F O S .  C O N C .  2 ’  ?PI EG. ~ O NC .  ( . ~‘N S~~IP~. 4 ” ST 0F’ ’-.5

ACC EPT 50. I F LAG
6010 ~ 190, : üü, 400. ~ ~ 5&~I, 2(100 . I FLAG

J 90 T Y P E 200
200 F( PM A T ~~1x. ‘ L I M I T S  OF THE X — A ~~IS -~: V — A X I S  ~‘)

A C C EPT 50 .. 1( 1 .  U’2 IFREOI .  !FP EC.’2
C. E: : FAFl ~ I ON OF F A P T  OF THE ~4 Av E F C R M

I F ~ :E : = I N T ~~2 2C I 0 .  / <  I F R E C 2 — ! F F E C ~i))
C A L L  V E~: F : ~ 1FF EQ1~ 1FF E~’2 IF~~EO : )

C: HC’I=lUU. O00/F~~E01 , Hf ’ 2= i  OO~ (1(101FREC!2
NC’ 1=IPI T~~~1Oo0O . ,’ IFR EQ1 ; .4 i 0  +0 5)
P~C’2 = I NT < ~ I000C’ /1 F R EQ 2 ”  4 -1 0  +0 5

C I E N 1  =F R EC! 1* : :2OO/ ~. F R E  c ’ 2 — F R E  (
~1 — 400

C I E ~ :2 =2 5 0 .  0C ’C ’ ( F R E C 2 — F R E C ’ 1 )
IE;:1:1~1T I F R EC!1+ < :~~1ICI / < IFPE~~2 — 1 F R E Q j ) ) — 4 ( I O  )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~(A L L  ; : E X F [ C M ,  I(s l .. it~;. NOt .  UC12. I EX X .  !FX2 . I A X I S ; ’
GC ’ TU 1 ’ O

:oo IF.  I F L A ’~~. . EQ 1: GC’ T f’ 40 0
T V P E  :20

:~2o FC, i: P1AT C 1 - .; ‘ 
~nP0~ IT I .‘E C C t l ( H C1 I V !  T Y * N  ‘ )

C S U E F O I P T I r I E E L : F 1  1; 10 F I ’ I ( ’  F O S I T I V E  C O P I N C I  I V I T V
c A L L  LCIPI

Ct 4 — NE’.4fl0 2.F OR , Main Progr a m for Data Pro cessing

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ -~-.~LL._. -
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6010 600
.100 T YP E ~szo
4 2 0  F O R M A T ( IX .  ‘ N $ P 1 E G A T I V E  CC , N ! ) I ICT IV IT YN * ’  )

CALL S L O F2

coo r Y P E  ‘Oc I

Fl ,PMAT ~ t~ t i  SF LA Y  ~ t A LC ,  (P .C ,TH a it ,  C’ NLV t A L C ,j $ ~~ - 110=; ) ’  >
A~~C E F T  ‘ . .Y F L A G
GO TC i  (190 :.oo, LOOt ’ ’ , ~1 F LAG

C. R . : A L ~~~5 .E 1x,  RAC ’ I I  A P E  82. ’5 AN!) 5”
C RE PEC l I V E L Y  FÜR E~LU NT FRC l E~E1000 GUI 24 r .G .iE- 1:

TY ’ 9 E 1101’. 01. T fr E~1100 FC’~~M F 4 T . 4 ~~. C C N r I I C T I V I T Y . .E1i 4 . 1 6 X . TUIE : ‘ .F9 .  ~.)

I II PI C’ N j
T i l l S  P1 “ ~ T R E F
C CIP~~~ PJ~~=C~1
G O T :  1~~O
T Y F E j 9~~Ct

I 9 e t ~ FC ’ PP ’~IT .. 1> : HOW MAN Y W A V EF OPP1S NOT TO EE F F C ~C : ESS E( ’ ’ )
A C C E T SC’ . I~I E:~ I I I • I EL C C  ~~-

IF L R ~~:~~o
cc ’ N r :~~uE

:<ooo TYPE ~5c’ o

~5c’0 FC :RMA~~’. I~’Y. ‘ WRk .’EFC’~ N’ . 5::. -. T I M E ’ . 2OX ~ 
‘ Ct’ Nt ’UCT I VI  T V ’

N ~~~~~~ ‘,HO . 6 X , 
~SE( ’ .~~2~~ ‘~~M HO. C’ P1”’~~

)
TYP E : ~~‘c’ . I W N O .  I “ . T IPI E C’ ’ I ~~. C C ’ N() I . lit. N~

‘ 1 ;::-: . 1:, 5:~:, F9 ~~~.. isx .  El 2. 4 . )
4 0 0 0  S T O F

[11 1’

— ~~~~~~~~~~~~~ (Cont inued) 
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C~~E C T
T I T L E  CHE C - ~61 (ilL C H EC ~

.

. NC F’LL . . V 2 . , F:EG( ’ EF, . F E T C  H,. . LOO ~~UP1 . F : EAC ’W
A L L  . C L O S E . . E X I T

. FEG ! ) EF
(d E C K ;  MCI V P0.. — ‘ ~ S F )  PUSH P0

tiC, ’, P 1 . — S F : . F ~. : H P 1
MO V P . .  — t. S P F U S H P 2
N C’ V F:: , — SF’ • P LI S H P
NO” P4. ~~ 5 C~~~) PUS H  P4
PlOY P5 — ‘ S F ” FU5 t4  PS
Pl OY 2 ’ ; F5 ’ , F t  . S E T  UP Ri. W I T H  I lC’t RE S
•l OV &4 ’ . R5~~, F ~ , SET UP P2 AS E: LCC K
NOV & 6 ” F ’ S ’ . ~: S ET h F  FS AS c’P.TFi F ’ TS

F E T C H  $HP~[ F  NNAI’I E ( ‘ E F IN E F ILE
10(11 hF NA P EFi . * 1, $ NAM E
R EA C ’W NIiFFR, $1. Pt. R Fl , F:EAC FROM C I  S~C
CLOSE $1 C L C SE CHAN NEL *1

M C’ V SF : + . P 5 .. r C’ F ~ 5
MCI V ( S F  .~ + . F 4  F C F  ~‘4
MC ’ V ~SF’ 5~~, F ~ . ~F UF  R
li Ce V < S ~ ~‘ + • P2 F C’ ~ F 2
MCI ~ S F’ ) + . F; i. • F C’ F P 1
NO V ~ SF .‘ + • F 11 , F C’ F RU
F T 5 F C  ,

A R E A .  £ L ) I 1  5
NAME . . RA1.~5c’ ,C. k S H I H I C ’ r A T /  , (A l A  STO R E ! )  AS T H I S  NAME

E V E N
C SE C T

ENC .’

A
1

C IS — NE~ 81O.MA C , Inp ut of Da ta from Disk

-~ - 5 -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -‘~~-~~~ -5 S



-

~~~~~~~~~

92
APPENDIX C

SUERC ILI T I NE SL O F t
C ’ ZME N Sl C ’ N K~~i “~~l : sc’o . ‘r’ SOO )
COMMON ~~~~ A , T IP1 E~ IF PEQ1~ IFR EQ2 ,.  I A X I S .. 101

10 TYPE :~o:o ro F M A T < I X .  ‘T H E  151 & L A S T  PT S .  7 T H E  FREO 0EV . ‘~~
‘ )

A CC EF’ T 50. JS1. J SZ’. IF( ’ EV
FCIF -l A T c~Ic.”

~ T S 1+~~j S 2 — ,~ Si )/ 2
N =0
:< .o =c~ o
T I  N E =0
T I PiE 1 0.
00 90 I=~: , JS2
IF’ ~~~ El C’ G OTC i  9(1

-
S IF~~K ¼ I” HE. — 1 0 0 ’  GC ’ TO 60

1 = 1 + 1
IF~~~C !:’  GE ~ 6010 ~0
T I M E 1 = ~ 65 5 ’ , A E . S~~ ~ 1 “ + 8 ( 1,
I 1+1
T I r ’ E = P  ~l 135C’ 0+T IM E I ’T IP1 E
1F I— ~T E 1  ‘ 15. ~c’ ‘

~~,O T I I 1 E I = T I M E
N = U + l

=~~5(i (t~) C’ .’~ .. I;
L~~N — 1
L . N : = K ( I  ~.‘1l5O. ‘X ’ .L
IF I. NE J52 ’ 6010 ~5
T I M E F = i .X ~~N~~+T IIiE2:’ .-~~(I.

85 T I N E I = 0 .
. 0 CONTINUE

T IM E= ’ .,~~2 : .s l :~ :.:• . toc ’ O +T IP1EF
LJC’F’~~0

E: =0 C’
60 1€ ’ 20(1

120 T E S T = 2  5~~IF0 EV
6010 200

140 T E S I = I F O EV
GO~ C) 20€’

1~~0 T E S T = O .  5 . :F(’EV
6010 200

16(1 TES T = C I  Z~~+ IF ( - ’ E\ ’
200 N ( ’ A T A = O

SIJPIX= @ C’ EO
S U MY=0.  (lEO
SUPP:X= O (lEO
5 U M X Y ~~O 0Cc’
00 400 I~- i . P J
IF’.LC ’ C~F’ E L ’  C’ 6010 :‘:‘o
F~,En=(l ~~~ , ~~~~~~~~~~ I ~( ‘ EVI  =A~~~ Y ’  I ‘ — F ’  E 0

C16 — NEW8.~S .I ’OR , Determin ing Str stght Line Fit

‘ - -5 — — —  J
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IF <OEVI :  61. T E S T >  601€ ’ 400
300 SU PiX =5L l M:~+ :~~ I’ ~S LI = S LI P1V+ I)

SuMXx =SuP1XI ’~:+>: . I ) ‘ X (  I .’
S U MXY =SL ’ M: :Y+X .. I ‘ +V (  1
N0A TR ~~P 10 A TA+ j

400 CC, NTIUI I E
D = N O A T A $ S U M X X — S U M X * S U M X
C UOA T A *  S U M X Y — S U M X * . S L I M V
E=SUP1V.SLlM XX—S LI M~~*SuMX y
IF (NC ’ATA . LE’ 1. OR . 0. EQ. 0. (I) 6010 IC’
R = 2 @ . C’*-C/D
~=4 . O*E .~0
L 00 F L 00 F’ • I
6010 (120. 140. 160.. 180. 500).. LOOP

500 SUMS O. 0
(‘0 600 I =1.. N
FR EO~~O. 25 ’ .’. O l 2 5 * A * X ~~I)+B)

S D E V I = A E : S c Y ~ !.. — F R E€’ )
IF( t ’ EV I .  GT TE S T ; ’  GO TO 600
Sur1s =SI IMS÷ rE\ .’I s ’ 2

(.00 CONTI N u E
S L’ MS= SC!RT S1I riS~~NC’ A T A )
TYP E 7 0 C ~, H C A T F .  U.. A. 8, SUMS.. TINE

?O 0 FORt iAT. ~tx  ~~ R A T I O N ’ I I~~.. ’/ ’ I3..2X , ‘SLOP : ‘..F9. 3, 2X
• N ,‘6= ’,F’ 2 , ; : . : , ’RES .  RIlS . ‘ F6. 3 . . 2 X , ’T IP1E :‘,F$. 3)

IF (L01. NE 5 : GOTO ~‘6O
6010 800

P60 IA= INT (5  ~~A, ’ ( I F R E Q 2 - I F R EC ’ U ) * ( I A X I S / 3  12 5) )

P~ 0 CALL 0SLOF’~~~. 101. JS1, IA . .  18. IA X I S )
803 RETU RN

EU!)

C16 — NE W82S.F0R (Contth ued)

—---
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SU ERO UT INE SLOP2
DIMENSION K ’.1?92). X (3 (~(1\ , V(300)
COMMO N K . A. TIME . IFR EO I.. IFRE P. . ZAXI S I I!)1

10 TV PE 3(1
30 FORNAT (IX. ’THE 151 ~ LA ST PT S ‘

~ THE F R E Q S  DEV ~~‘)

ACC EPT 5 0 . . J S I . J 5 2 . I F ! ) E v  t
50 FOR PIAT (315 )

J53RJ5 1+,, J S Z . - T S f ) , ’2
N~ 0
X 0) .C’ 0
T1PIE.0.
TIPlE1~~O,
00 90 I~~8. JS2
IF (K (I).EP 0 ’ 601(1 90
I F K ~~U .NE . -100~ 6010 60
1—1 + 1
I F ( K i I ) .  GE. 0 ’ GOIC’ 6(1
TI PI E I— ’ .  6~~~~~~A 8 S ’ . K .. i ) ” * S t ’
I I+1

60 1IPiE aK ~ I ‘ . ‘ t , ’50 + T I P 1 E I 4 T I M E
I F < I — J S l :  85. ~0. ‘5

?0 T IM EIaiT IP1E
75 N~ N +1

Y ’ .N”~’250@O . (~.K ~.I)
L a N — I
X ¼ N ’ — P ~~I’ . l250 +X ’.L~I F ’ . ! .  NE. .~1 S ’ ’ 6010 85
TIMEF N + T IM E~~” ..8O.

85 T I M E I a C I ,
1 90 C0~i T I N U E

L 

T IME a K (2~~+~~~~
\ ,1C’O0 +T !PIEF

LOOP -C ’
R 0 0

601(1 2(l tl
TEST*2. 5’ IFO EV
GOT CI 100

140 TEST IFD FV
6010 2(10

16(1 T E S T — C ’  5 ’ IF( ’EY
GO TQ 20(1

18(1 T E S T — U  2 5 ’ U O E V
700

SUPIX”O (lEO
SLI PIYaO O EO
SUPlX ’~aO QEc ’
SU MXY O. O EC ’
00 4(10 1-1. N
IF ’.LOC ’P Efl (~ O QT O ~00
FRE O a O 5 s c  (~12 5 * A s X ~.I~~.E~
DEV I=A 8 S ..V< I “— F R E Q ”

CI ? — NFW84S.FOR Dete~i’~tn(n , ‘~~~t.’t !1n~ Fit
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IF~: ! ) EV I .. G T .  TEST ; ’  GC’ T C’ 400
:~oo SUf’lN SU MX + > - ’. I)

SLIt lY=~~UI1V+Y I)
SU MXX =SLU1 X X+ > : ’.. I > *-~~~~ I)
SLUIXY =SUMXY+: : ’ .  I * ~‘ I
NOA T A = N O A T A + 1

400 CONT INU E
D=lI(: ’ATA* . S h’ I1 > :X—S iJ r iX * ~5 Lu I.1X
C l~ [ A  TA + EU N :~: ‘T’

~~ S U t~ * Surl Y
E = S U 111t ’ ~ Shill>: >- — S U Ii ;.: *.S U H X V
I F < N [ :A T A .  LE. 1. OF’ . 0. EL 0. 0) 6010 10
A= .20. Cl*C/ ( ’

• 8=4 . 0*- E,’0
L O O F = L O O F ’ + l
0010 <120. 140, 1E0, 1~~O. 500;’ .. LOC’ F

500 SU I- iS= O . U
00 600 1=1. P1
FRE0 =O . 2 5 * ( . (1125 4 A + - X (  I > + E )
( - EV I = A E S ’ , Y <  I 5 ’ — F ~~EC’
IF.. ( ‘ EVI .  61. T E S T ~ 6010 f O CI

SU MS =S UI ’ IS+ ( EVI  4 * 2
600 CO NTI N UE

SL ur lS =S C ’ RT SUMS’ , PJ r .A T A
T Y F E  p00, NC ’A T F~. N, Fi. ~~. SUMS , T I  M E
F0 F ; l iAT i. 1X , ’l~F A T ICi~~’ , i:.’~~’ .. I~~. 2 X . ’SLUF’  : ‘ ,F9.~~.. 2X

Is , ‘E: = ’ ,F ’ . :.,2~:,, ’ R E S .  P115 . ‘ . F6  :,2 :’:, ’ T I M E  : ‘ , F8,~~ iIF’ . I(’t .  NE. 5”  GC ’TO ‘6 c 1

6010 ~90
760 IR=1NT 5. • ( .F~,’ ’ I F F Ec ’ 2~~IFPE01. :’ ” * ( I A X I 5 , -.Z: . 125))

I E = I N T ( . E : — I F R ~~Q 1 > * . . ..2O0 ,‘ I F i~E C ’ 2 - 1 F R F Q i ) :’ +4 0~j . )
780 C A L L  c ’S LOP~:K , ![:.1, JSI, IA .  18, lA X  IS;’
790 A =-A
E:Ofl F:1-T LIRN

EN!)
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C SE CT
T I T L E  V - A X I S  EX P A N S I O N
G LO EL Y E X F  C ’  V~~NOI’I 2

I F’S V C 1’U 4 15
PlC A LL. . V2 .  , R E GO E F

( I —

RE 6 C E  F
MA CR O SHOW A . 8. C .  C) . MACRO CALL

CMP P1.0!) LOWE R L I M I T  :*o ~
S O T  . +j j l  . V ES. NOT ( ‘ IS P L AY .
CMF’ P1.0 !)  , N O , L C IW E R  L I M I T  <*07
811 +12 •~~‘ES .C 0M F’AR E UPPER L I M I T
N O V  0 1 . F L A G Y I  .N O . L O W E R  LIM!1=N( ’
BR . +40 .0010 DISPLAY
C MF’ P2.0 1’ , UPP ER L I M I T  > 0 D~~~

BGE +5 . Y E S . P E EF ’  TR Yi NG
F I N IS H  . . N O . F I N I S H~CP1 P R’Z~. ND . LI F’F ’E R L I M I T  —I l

SU E +j .~ . N O . 6 0 T 0 D I S P L A Y !
NOV $~~. F L A G V 1  .UF’F’ER L I M IT  — *1’
SR +10 I G O T U  (‘I S P LA Y
NOV 02 . F L A G V I  . N!) IS W I T H I N  L I M I T S
N OV N A , Y F O S 1  . 5 A V E  F I R S T  C H A R A C T E R
PlOY N E ,  VI 051 S A V E  S E C ON!) C H A R A C T E R
NOV NC ~‘FOS~ . SA VE THIR D C H A RA C T E R
PlO Y N C -  YSC AL E
i sp  F’~ . ‘T ’ S H O W 2  SU E. P C’ liT INE FOR D I S P L A Y
CL R F LA ” 1v1
- ENOM

Y E :~PD . NOV P H .  — ¼ S F )  , PUSH RO
NOV RI.  — t .S~~ PUS H RI
N OV Fl. — < S F  PU5H R7

F . . S F ’  , FL ’ SN R~
li lY P4 ,  — i . SF’  - P U S H  P4

PS. -~~ S F ”  PUSH P5
NOV $ 10000.  I F S V C  ; E R A S E  THE SCO P E
h O ’ .. ‘.i~~ R~” ’.. FREOI . MOVE I (‘WER L I P1! T

~4 ’.S5 ’ , F R E C 2  MOVE L’ F’F’ER L I M I T
~~~~~~~ F LA G ’ ~’2 V A L U E  FOR D I V I S I O N  ON S C u F E

C L R  F L A G V I , T E ST FL AG F O R 00
NOV F R E O I  . R I  . SET LIP RI
N OV F F . E 0 2 .  P2 . S ET  UP P2
S HOW S-~~fl C E . N 6. NO . ~0 M S F L R Y  60 AN !) HOUR! L INE
~HC ’W S P A C E .  N~~. NO. ~0 • t 5 1 LA Y  ‘0 AN!) HO U R! .  L INE
SHOW S P A C E  US, w~’ ~0 • O I S F L A V  $0 A N!) HOUR! LINE
S HOW S PA C E .  PJ9. N’.’ :~O (‘I~~PLAY 90 A Nt’ HON RI LIP IE
SH OW NI. N’.’ . NO . I 0~’ • D I S P L A Y  100 P’lNi HC’NR I - L INE
S HO W P4 1. li i. . lie” . 110 . ! ) I S F L A Y  110 ANt” HON RI L INE
~NC ’ l4 P1 1. P12. 111’ - lI e ’ . D I S I L AY  lId AN t HOUR! L IN E

t~i ‘~: N ” , i :o  . DI S P L A Y  I ~O API!) HONPI LINE

(‘I $ — NF~ ~l S .MAC. DI i;pl ,~v I ng V~’rt i caI Coordinate
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SHOW I’ll. P14 , . P40, 14 (1 , !)ISPLAV 140 FIN!) HONR I . LINE
SHOW lit. US NO. 150 • ( “ I S P LA Y  .50 FiND H O N R I .  LINE
SHOW Ni. P15.. PlO. 15(1 • DI S P L A Y  15.0 API!) HOUR I LI PIE
S HOW 141. ~~ • uo, 150 . D I S P L A Y  180 API !) HOUR! LINE
S H O W  P42.  P10. tic’ . 200 • ( ‘ IS P L AY  20C’ FIN!) HC’URI LINE

F IMISH Ill’’.’ S F ” + .. R 5 , f C i F P5
M~’V ¼ SF ’ ) + , P4  . F O P  P4
H DV S P~’ + . F • f O P  P
NOV SF’ ~‘ + . F’ 2 • F (‘F F 2
N O V  E R . R I  • F O P  P t
NO’,’ ~~~~~~ PCI ,F’OR P0
RTS IC • FETU R E

C S E C T  V ( A T A 2  • S E C  T I O N  FO R V — A X !  S D I S P L A Y
Y POS I ‘ - E:Ll 11 • APW NUFIER 1 C AL C HAPAC TE RS
YP OS 2 ;  - E: L F Ii :..
YP O S 3 .  E:Li.:iJ
Y S C A L E  - W C’~’C ’ 0
F LA G Y 1  - 1Ji’ , ’I .
F L I~ 6 V 2 : . N C’ F C.’
F R ’ ~i1 ; - I’I C’ R C’
F F;E;~2 - -

O S EC . T ULMI .. S EC T I  DPI 1- CiR N~
_ ‘ :~~ FL

NO . BY TE  75 . t~~l. 111. 105. 7t  . C H A R F I C - T E R S  !) S- F~~~ V
4 NI - - E~r ’TE 0. 102, 1 77 . 100. Ci

142 • E:YTE 142. 121. ill. 1 05 .  ICiI
E:YTE 42 ,101.111 111.65

P14 , . E:YTE :.o. 2 4 .  22.  117.20
P15. BYTE 41.. 105 .105. 105 .  71
P16 - BY T E  16. Iii. . 111.111, 5
NI . BYTE 101, 41. 21. 11. 7
NO .  (‘VIE ~~~~. 111. 111. 111. 65
P19 , - E :VT E 4 5 , 1 1 1 . 1 1 1 . 1 1 1 . 7 5
C. PA C E BY T E  0. C’ . 0.. U. 0

EV E N
(S E C T

- EPl[’ ‘,‘ E : :F  !)
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CS EC T
— T i  T LE ~‘ S H r I 4 I

OLC’EL ~‘:HC’w:
-
‘ 

LF V C~~17 O 4 1 5
I F S ~~

‘ C
L F S ~ ’ C Y = j 7~•4 :-2

MC A L I  - V • - P EG C ’ EF
‘—

F G C E  F
. IHL S SUEFOUT I NE (“I ~~ L FIVS NUM EF!  C AL C H R R C T E & S

ON THE 5C~ ’~~E AN~ E:’ :F~iN( TH E ~
.‘ E F T L S C A L E

‘~ SHOIII NOV F.~’ . — ) - F USH P0
RI. —~~~ F’” • PU S H Ri

tl O\- RI. — ‘ .51 ‘ . F USH RI
M C V  F 2 .  — SF -

‘ , ~~~~~~~~ ~~
:.-

S 4 .  — ~- I j ’ .H P4
1 5, — -.f - F~ ~ H P5

L I I’  F 4  .

l E S T  , T E 5 T ~~ i
C L R L S ~

.’ C . ’:
C NI’ N O.  FL ~~~‘1 - FL ~&V I e~
E~~E ~4 L f HA U . NO .  t, .. ’T o r I S - F L A Y

c u r  ~ES ~ O C.UT
ALPHAO C r ! F * 1.  F~ ri~~~~~j  . ~ LH ’ 1 U

SUE A~ ~~~ - ~~~ G O I C ’  I~L F H A
MI - $ 4 0 ’~ VI. ‘~E . ~ ES L C U E ~ L 1~ ? 1~Y L tU E. F5 . 5A\- E PS
F ~~~~~~ ~“ T e ~ G, r l ’ IA

AL PHA Ct i~’ o:. FL ~ iGv 1
ENE EE~ l~ NI’ - GO l D ( - E T A

$ ~- OO - V L I Nt - V E S  UF’PE F’ L I  MI I
VI. I NE .  F S • S A - E  F S

E (~ ““1’~i - GC ’~ 0 G A f l M~I
E E T ~ r i:’  Y~~( A I E - F t  . 5 E v  I F  P~ I~~ T ’4 b t r ~~E5S

S UE FF~~C ’ 1 .  ~1 - F1~~~~~~I~ IIEF’ L i M I T

D E L T A  A f t ’  F~~~ ; ’. ,’ F5  . k5~~S~~0 F E  ( I V I S I O N e R I
DEC F l
C ~~ sc ’ .. RI
E L I C’E L T~i

~ 5 = R 5 + 4 O O ’ . P R S E  V A L U E ’
IS. VI INE SAVE F S  FO R HOUR! LINE

G~~hIMA SUE - $ 4 0 -  R 5 .

No” ~~ . 1  1 F L A Y  151 C H A R A C T E R

liLt . (
~ ‘T O 111)

OIIEGA Pl~)V YF -~~5 2 .  I. ~“ C l  ~~ I. A~’ Hf~ C HA R A C  T ER
N OV ~ 2 T h~~. ~. . ~ I~~c ’LFIV HOU R ! LINE —

SF Ni) . G U T u  MU
TH E T A  ‘-iO\’ ~ F O S:... P.’  . 0 !  5 F L A V  ~R 1’ C H A R A C T E R

-~ ‘ I S F ’ L A Y  HCINRI L IN E

Cl’ — N I14J25.N~C , D1SD14V Ln~ ~‘t ’rtIr.iI Cc’ ’rdl’,.~ite 
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h- lU. MCI V 0 — 5. Pt • F 1 = — ’~ FOR 5 COLI’hlPJ S
I O T A  - A C’ !) 015. 14 .. 105111 ( ‘N FUR PJE>. T C C’LIJP,pJ

fl(’ ~~
‘ ~~‘ ~ T A 1, 1. 5 . N I T I  A L I Z E V — F’ OS I T J O  N

MC’ V 0 — 7 .  P2 P2 =— I  FUR I (‘C ITE / COLUMN
RC’~~÷ . 1: S ET LIP F~ W I T H  AD C ’ R E E- S

ROLE . . R U T A T E  R~BF’ L 1W • C A F’PY B IT  SET. C’ ISP LAY A DOT
MCI V # 2 0 0 2 .  L P S V C .  I N IT !  AL I ‘E THE SCOF’ E

PH I: ISlE L F S V C  , READ Y ’?
E:PL IHI NO. W A I T
l;~~V 15. 1 F’S\ .’C V ~‘ES ,  MOVE V — V A L U E
hlO\ ’ 14 .  LPS” C >~ • Y ES MOVE X — V F I L U E

MU: F it ! )  # 11.. PS • Fo ~~I l ION F U R  N E X T  D O T
- 

- IN.~ F-: • F I N ISH 7 DOTS?
ENE E T A  • NC’ .- 60 1(1 ETA
INC RI • F C P I I S H  5 C: CILUMP4 S~(.ME IC IT A • HO. GC’ T C’ i O T A
INC T E S T  , F I N I S H  A C H A R A C T E R

- 
- 

C T-i F #1. T E S T
- 

- E: EC’ O M E G A  . T R Y  INC C : HARA C :TER
CMI’ $2 , T E S T
E EO TH E T A  . T R Y  FD C H A R A C T E R
A i r ’  # 100 .  1-4 • R4 14+ 54  FOF: X — P c ’ s r T I c ’ u
1-10’.’ Y L I lIE, 12

E. IG’iFi . NOV $ C’c’l. L F S ’ ~C .. I N i T I A L I Z E  THE CEC IPE
C’è~ - 1518 LFS1 ’C -

811 (I L - NC’ , W A I T
INC 14 • 14 = R4 # i  FUR X — F O S I T I O N
1-1 0’.’ F- 4 • L F V C. >-: • F U R H ON P I . L IN E
NOV P2 .  LI S V C - Y THE SA ME V — V A L U E
C- H F’ 0 7 7 7 5 .  14 . 4 O~~5 ’ =R4
F :G E :r Gr - 1 A ; Y E S .  GOl D S I G M A

OUT . PIG’.’ •:s~~’~+ , PS FO F’ PS
:51- - * , ~ 4 FUF’ P4

MC’ V 51’ ~~~. F: :. • F- O F- R
110 V . S. F - ‘ ÷ .. 12 .. F (‘F RI
I-b y ( S F . + , 11 F’ C’ F Ri
Il CIV S F , + , P U , P O F P0
RTS EC: , R E T U R N

Y S T A R . . WO P !) 0
Y L I M E .  . 1-lOP!) 0
lEST. i.iCF t 0

- CSEC . T Y t ’ A T A I  S E C T !  UN FOP V — V A L U E  AN !)
‘~F’O 51 : E L I .W , PIUM ER ICFIL C- HA R A C : T E R S
V P0 5 2 - . B L LII :

V P O S 3 :  . E:Lk11 - i
Y S C A L E  . . 1.401!) 0
F LI~GY1 . - WOlf ’
F L F I G Y 2 :  - WO RD
F PEO1 - W C’ F:(’
F R EO2 . I-I C’ F t’ - 

-

- C S E C T
- £ N!) ‘

~ ~ H (1 1-4 2 - - 
-

-
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. CS E C
- 

- . T I T L E  DISP. THE DA T A OF lOOK HZ
GLOSL XEX F !) ,  XS HC ’W2

L PS V C = 1704 16
L PS V CX = 1 70420
L PcV C Y = i ?04 2 2

- . M L ALL . . V 2 .  . • . PEGO EF

R EG O EF
• MA C RO SHOW A. S. C M ACRO CALL FOR VERT I . VALUES
iic’ v OR . XF’OSt
NOV *5, XF’ c’SI
M DV OC.. XPUS 3:
JSR F E.  >. S. HOW 2

ENC-’M
X EX P D : MOY F’O. — ( S F )  ; PUSH RU

PlOY RI.. — ( S F’) • PUSH Ri
NOV P2 . — (SF ;’  , PU SH P2
PlOY P2. — ‘ .  S F’> PUSH P2
PlOY P4. — ( S F ’ ,PUSH P4
NO V PS. — (SF ) PUSH PS
Mci v 2 < R 5 ) . F : O • S E T  LIF R(I W I T H  A DD RESS
NOV @4 (P5: , 11 -~ 1.ST DA TA P01 PIT
NOV @6 F:5 :-’ . 1:2 . L A S T  (‘A IR P O I N T
N OV ch O I R S : ,  DAT A : :  . L O W E P  L I M I T
NOV @12(1’S ’ . (: ‘ATR 4 , UPPER I Ill ! I
MDV @ 14 < PS) ,  Xl D I S P L A Y  I P1OEX
tIDY @ j6 (  F’S) , V t  , D I S P L AY  I NC’EX
NOV @ 2 0 ( R 5 . ’ . L A S T  INDEX FOR >- :—V AL UE
tIDY RI. ( - A T A S  • RI= !)RTFi5
110’.’ P2. C ’A T A I  F:2=( ’ATR2
SUB 11, F:~ F:~~= R2 — F ’ 1
l1C’ V RI, DA T R I  S A V E  P2 A S DATA F’OINT S
CL R P2

(‘E’/ i : SUB #2 ,  P2 •
i uc  p::
ClIP $ : , P2
BLE (‘EVi
N O V R . L R S T  ,LAST = R I

OMEGA : AE L Ri .; R 1 2*RI
A D!) 1:1, P0 -. R0= A DDR ESS OF 1ST DRIFt PT
DEC ( ‘A T AS • F I R  S T = F I R S~~— I

STA RT: CLR L F’S~’C.X , L F S V C > 0
CR11: ClIP (PC) ,  0—10 0  VALI IE=— 100?

SUE ALPH A • NO. OCt 10 ALPHA
A DD $4.  RU ; SI-~IF 11.4 0 DATA ITS
AC .!) $2. (‘A IRS
All!) 0100. • L F ’ S V C X  , D I S P L A Y  IN SPECIAL  FORP1
t’bOV 02900 .  . P2
JMF’ I lc ’VE :  • 0(110 M 0 v E 3

C20 — NEW335.KAC , Disp layin g Data and Horizontal coordinate
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A LPHA NOV P 0 ’ . . 1 4  . SA V E ( ‘A IR IN R4
INC .t ’~iT Fi 5 .

(111 ( i i~~~~~5. r A T R Z ’
EL E ( lU  . V E S , G O ~~O C R 1 2
~lMP ( ‘ UT • NO. 0010 Cl 1’T

CR 12 IIUV • 0(’2. L F ’SVC . S E T  UP S T A T U S  OF SCOPE
R EA D Y .  1515. L F’ SVC . SC OPE R EA D Y ’

SPL F EA DY . N 0 . W A I T
CMF’ P4 ,  D A T A  • F ~~E( ’ ~L 0W E P  L I M I T ~L L E i~A NNA . Y ( 5 . O O T ~’ GAP ~M~PlOY 0250 • P2 . Pl O . HOV E 250 TO V — V A L U E
SR N O V E l . 0 (10 HOVE l

GRt ’ lMR. (P1 1’ 14. C ’ATR4 . FPE ( ’  ~UF’PER L I M ! T ~6’G E ( ‘ELlA . V E 5 . G O T O  DELTA
N O V $2 • i: • HOVE 2 ~ 5 0 TO V — V A L U E
SR MO V E I . 0(’T O MOVE I

D E L T A . CL R  P2=0
C L R  P 2 = 0
MDV 14, F E C E F ]  ‘ s~~vE P4
C L R  P4 k4~~UPl C’ V V I F 1 S El OF RI

1H E TA , AC ’ !) P 1 . R 2  . tOI’ E . L E — F R E C ! S I O N
At - C P2 . ~R~. ’~~F: il E;U*R1
INC 14
C- PI P $ j , :O • P 4  —

BGE T H E T A
PlOY P E S E F I ,  1.4 . S-AV E R4~~NO. OF COUNTS

• C LR 11 .

E T A . SUB ~I4~~F2 • DUUE L E- F ’RECISIO N
P2 • Ri  = c F . :  > ‘ P 2  / R4

INC Fl
(P I P OCt . F’
E :LT E T A
(ill ~ 4 .  1
E:Lt
Li l t ; ::i F I , Rl~~F i— ~~1

R I. ~: P2
NOV El  - C L R  F-I , P1=0

110’..’ LFi L T . R 2
(‘EV2 Silt: 17. F 4 R1~~R4 - ‘P2

INC 1.1
CM I 1- .’ . 14
B L E

Fl .  t ,F5” (  :~: . RI - C’ R I TO ~~. 
- (:RLLI E

t- IOV E3 - PlOY F .  I F S V C  ‘i~ • c :  L Y — V A L  LIE ON SCOF’E
1:, TE~..T

I-IC’ ’! I F E -- C .~~~
. ~‘ OC ilL E • SA V E  L PEVC X

t iC’ ’.’ (‘F,T~
;
~~. 11

C t- I F C’ F i T A I. Iti C0 DATA F’TS 150?
5.01 cii CII . Y E 5 . i ~Cl T Ci 01.-UI
CLI  P2
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MC’ Y RI, P4
0 1(0 : SUB 012 ,1:4 . R4 . ’10aP2

IlI C~ P 2
CMP *12. P4
SIE
(HP *O. R4

01(1 • Y ES .  OC IT O 01.1.
JM F ’ C R1 1 • NO. 0010 CR11

01(1: SUB O l7j R2
O 4 ~ ‘‘~l. , 5 l r  1,~ . r.~~.

BLE
CIII’ MC’ . P2 •

- 
- S EQ (‘F 01 • YES .. 0010 01(01

SHOW S P A C E . . S PACE . SPACE V E R T I ,  LINE ON SCOPE
JIIP CR11 , GO TC i CR11

Ol~0I : CMI $100. .11
SN E 0~- J 1
S HOW Ni. Nc’ NO . D I S P L A Y  100 AN D V E R T I .
JPP (P11 L INE DPI S C O PE

01 (11 ; ClIP MIUC’ • Fl
SUE U t 21
SHO W N7. P10 P10 • C I S P L A Y  £ 0 0  AN !) V E RT  I -
JIll’ C F 1 1 • 1 1 NE C’ H ~~- C OP E

01(21 Crl F’ ,

ENE (‘F ‘l
SHOW PC • NO NO • C I S F L A V  :00 AND V E RT I -
JMF ’ C - Ill LINE (‘11 SCOPE
C t-i F’ *4 0C’ , Fl
SHE ( ‘ 14 1
SH OW 144 , NC’ . NO . D I S P L A Y  400 RUt) V E R T 1
JMP CR1 1 L I NE ON SCOP E

0L41 : CrlF’ #50(1 , R I
SNE 01151
SHOW N5. i.i’ .. NO D I S P L A Y  500 RN!) VERT I
J MF (I’ll LINE ON SCC’PE

Oi~51 ClIP # E 0 0 .  . RI
SHE fUt~I
SHOW 146. NO. NO DISFIFI Y LOCI AN D V E R T I .
J r-IF’ C P u  L INE ON S C O P E

01(6 1 CPt P 0 ”CtO • RI
E NE CII 71
SHOW ~17, 110.. NO . C’ I S F1 AY 700 AN D V E RT !  -
~1f -lF’ ( P 1 1  1 INE (114 SC DIE

01.71 CMI $~: iIi~t • Ri
BIlE 01. 5.1
SHOW fl~~. NO ,  N O D I  ~- P1 A Y C:0U AN D V E RT I.
JIIF’ ( PT  I • L I N E  (IN S C O r E

01 (81 C-MI #900 .  . RI
F: PI E (‘1.91
S H O W f~9. P10. Pl C’ • D I S P L A Y  900 RN!) V ERT I
~T 11P C- F r i  . L I N E ON L . C C ’ F’ E

C20 — NEW3 35.M4\ C (Contlnuvd)
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01(91: CMI $1000. • RI
SUE 01101 4
SHoW Ni. NO . NO ~D I SPLRY 100 AND VERTI .
~1P1F’ CR1 1 . L I N E  011 SCOPE

• 01(101 : CPW $1400 . R 1
BIl E 01 (111
SHuII NI. N4.. NO D I S P L A Y  140 AND V E R T I .

0 1( 11 1 .  JMP C R 1 1  L I N E  OIl S’t. C’PE
OUT : NOV L A S T - . ~~0 ( P5)

NOV ~ S F >  ÷ .  1:5 F CF P5
N OV (SF’ - • r , P4 • F’ OF P4
NOV ~S P ’ ” . R 3  POP P3
110 V ( SF’ .’ + 1’ 2 • F’ (i p p
N (‘V SF’ + • Ri • F’ C’ F’ P 1.
MO V ~. S F’ .‘ +. PCi . 10 F’ P0
P15 PC . RET U RN

- ‘ DA TR I : W O R D 0
(‘AT R2.  . WORD
OATR3 - WORD
(“-t1A4 -

t ’A IAS . - WO RD C’
X l  . - WOR D
Vi . W O R D
RE SERI . , W ORD
RE~ ER2 - WORD
L A S T :  - W ORD

- ( S E C T  XDAIFI2 S E C T I O N  FOR X -VRLU E
XP Q S I :  . SL 1 (W 2:

~< P OS 2 :  - 511(14
XPO S~~, . F L 1 ( W  2
X S C R L E : - W O R D  Li

TEST :  - WORD
(SECT NUIl I . SEC 11 (‘N FOR NU P 1E RI C AL

NO~ . (VIE ~‘6. 121.111.. 105. 7t’ CHARACTERS
NI - . BY TE 0. 102. 1 77. 1& ’ U. U
N~~. - F Y T E  142 .12 1.111 lOS . 1o~’
143 ; - BY T E  4 2 ’ i 0 1 . j j 1 . 1 1 X . 6 6
1 4 4 -  . BY TE 20 . 24 . 22 .  1 7 7 . 2 0

- BYTE 4 7 . 1 0 5 .  105. 105.71
BYTE 7 6 . 1 1 1 . i 1 1 . 1 1 1 . 6~N : . BY TE 101. 41 .  2 1 ,  11..

NB: - BYTE 66. 111.. 111. 111. ~~
149 . BY T E 4 6 . 1 1 1 . 1 1 1 . 1 1 1 . 7 6
SPACE , . BY T E 0. 0 0 .0 . 0

EVEN
• . C S F ( T  -

- END

~20 — NEW335.MAC (Continued’l
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104

- CS EC T
T I T L E  —5 H01 ’J2

- GLCIBt. XSHC’W2
LPSVC :c17041E
1PSV CX =I70 4 2C 1
L PSV CY= 17 0422
- MCRLL - V 2 .  - . . REGC ’ EF

‘12.
. R E OD EF

THIS SU BROUTINE IS 10 (.‘ ISF ’L AV NUMBERIC :RL CHA RCTE RS
(‘N THE SCOPE AND E:-:F’P NC. THE HC’NRI. SC :A LE

X S HO W 2 : NOV 1:0, — SP) • PUSH P0
- :  Pl OY RI. — ‘. 51- ) 

-; PUSH Ri
F’~~. ‘~~ S P> , PUSH P2

MC’ V p:- . — ‘ S F ’ ) . PUSH P2
MCI V F:4.  — (SF’ > PUSH P4
NOV PS.. — ( S P )  -. lUSH R5
C;L R P4
CLR LPSVC. ~-: L P5VC :~:=0
Ci P L P S t ’C. ’r’ • LF’ .2\ ,’C .Y c@
NOV X S C A L E .  X L I NE  • SF$ \” E X S CA I E

— SUE: , N5C.RLE ; X S C R L E = X S C A L E— 2 6
NO V ~:P(’S1 . 1:0 -‘ F I PSI C:HAR RC T E R
BR GAMI- 1 A , 

~QT0 GAMMA
ALPHA. NOV :1052-  RU • 2ND CHARACTER

El: GA MM A ; 6010 GFir’lMA —

BETA : MDV XPOS2 , PC’ , :F:D C H A R A C T E R
G A M M A :  MCIV # — 5 .  F-I P1=-S FOP 5 COLUMI1S. C HA RA C.
D E L T A :  At -’!) $14, X S C ALE . FOSIT IC i P1  FOR NEXT COLUMN

CLR PS
N OV *— 7 . F’2 . F :2=— 7 FOR 7 R0WS/CHA RFIC.
MOV E ~~@~-‘ + , F’~. , SAVE D A T A  Ill R~2 E T A :  P015 R ’  ~RO T RT E P2
BPL k A P P A  • CARRY B IT  SET , D ISPLAY A DOT

#2 002 ,  1 Psv’: • SET UP SCOPE
F’H1 : ISlE: LF ’SVC . , SCO F’ E R EA DY ?

£F’L P H I  ,Pl C’ .. W R I T
N OV PS . LF’SVC ;V ; YES , Pil l A DOT ON SCOPE
Ploy :: S C A L E .  LF - SVC : ’ -:

4 t :A P PA .  ADD #11, P5 .~ V - P O S I T I O N  FOR NEXT DOT
P2 ~‘2= R’2+l

SPIE 1ET A .F IN !SH  A C:OLUMPJ ?
IP1C - Ri.
BIlE DELTA ,FIP1ISH A CHA R ’ACTER~
IN C. 1:4 ,

CII F’ $ I • F: 4 • F’ 4 = I
EEO ALPHA . YES ,  TF :V 211!) CHARA C ;TER
CUP # 2 .  1-4 -, P4=2’

E:ETA , Y ES. T RY 3 RD C :HRPA CTE R.

C21 — NEW345 .MAc , Diap laying V~rtieal Coordinate
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NOV *120. , 15 ; R5 120
MU - NOV *2002. LF’SVC: • SET LI I’ THE Sc:OPE
O M E G A : ISIS LF’SV C : SCOPE READY’

BF’L OMEGA NO . W A I T
INC R5 ~R’5~ R5 +1
NOV T E S T .  P3 R 3 = T E S T = Y — V A L U E
SUB R5. P2 • R2=R 3- R5
CPI F’ *200. R2 i92<R 3?
BLT PSI •YES . 6010 PSI
A DD $e’00, PS • R5~ R5 +3B4
NOV *40000. TEST SET UP TEST

PSI. MO~” R5.IF’SVCY 1V E~~TI. STRAIGHT LINE
1.1(1 V >-: L I I~ E • L F’ S V (: ~ClI P s777~~, PS 4 @ 9 5 > = R ’S?
BGE MU • Y E S . G O T C I  P1U
NOV (SF’ .~+ .. F’S , POP P’S
NOV (SF’ ) + P4 • PO P P4
PlOY ‘.51 +, P’  .; F’ O F’ Ps
MCIV ‘ . S P ) + ,R ,~ ~POP P2
N O V  ~ SP > i- , RI • FO P RI
MO V ‘~ SF’ .‘ + .  1:0 • F’ (IF’ P0
P15 ~.( RETU R N

X L I N E :  - ~4 ( lRt ’  0
- C EC: T X (’A 1f i 2 S E C T !  (‘II FOR’ X — V A L U E

• X F O S 1 :  . BLI( W 2
X P O S 2 :  - 511 (1.1
XP O S3 . . & ‘L LW 3
XSCALE. - WORD
TE ST: . WOR D

C S E C T
- EPI C’ ~:SHow 2

C21 — NEW3 35.~A~’ (C’ :~t inued)
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C S E C T
T I T L E  05101’ ; D ! S F ’ L A Y  A F I T T E D  S T R A I G H T

- G L O B L  OS L OP D L ! N E  ON SCOPE
LPSVC=170416
L PS V CX 170420
LPSVCY= i704 22

M C A L L. . . V2. . , - REGt ’ EF
. . ‘12.

R EG D EF
DSL OP.  NOV P0, — 

~.SF ’ )  PUSH PC’
NOV RI. — ( S P) . PUSH RI
NOV R2.. — ( S P )  • P U S H  R 7
tiov p:. — ( SF’ ) lUSH R:.
MDV P4,  — < SP~’ • F’ L ISH P4
PlOY PS. — (SP) F’USH PS
NOV 2<R5 ’ , 10 SET IIF’ RCi WITH ADDRESS
P~10” &4 ’~F :5 ) .F IRS I  , - F I R S T = 5
Pl O Y @6 :15” , P4 . SET UI’ 1ST (A lA  POINT
MOV &10~ R’5 ’ . 1A • I A = S L O F E
NOV & l 2 ( R 5 : , IE: , IE:~~I P lT E RCE PT
MCI V (d14’.~ ’5\ . LA S T  . i A S T = D I S F ’ L~~V IND EX
C LR P: ,

SUE F I PSI. P4 .

NOV F I R S T . . P2 , F 2~-F !F’ST
AS L P2
Rt-’(’ P2. P0 -‘ A D t ’ P E S S  OF 151 DA T A  PT
N OV L A S T .  1.2 . SA V E  P2

01(00:  MCIV t Ro : ..+ , Pj  MOVE D A T A  TO Pt
01(01 . SUB P2, RI .

I N C
C-NP P2, Ri
B LE OP~C’I
DEC P4 . P4=1 :4 — I
CliP *0 14
£ L E  OkOO • Y E S .  P-E EF ’ DO iNG
iiov s:.. V C X  • X — VA L UE C’F 1ST DATA FT
CL P 1 P S V C X • I. F’ V C :~: =
CL P L F’SV CY • LF ’V C Y = 0
C L R  P0 .1- 0= 0
MCI V V c N .  14 . SA VE R4
PlOY lA P:
PlOY IS. ~~~~~

‘ . 
~~~~

‘ = 15
OI~35: MCI V 02002. L F S V (  S E T  UP THE SCO P E
01(4:  IST S I. F S V C  . 5CC 1 F’ E R E A [ ’ Y ~

BPL OI~4 . N O . W A IT
CPl P 00. P0 • Y ES, R0=0~
E:PIE EET A • PlO. GOTO (ETA
SI ’S P2.  P2 . Y E S .  P 2 = P 2 — R ’ 3
SI’S *50 . P 4  . R 4 = R 4 - 5 0
(NP 00. 12 •

C22 — NEW355.MAC . Displayi ng Straight Line Fit
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565 GA PI MA • Y ES .  60 10 GAMMA
• 

- CM P # 0.. R4 • 0( R4?
ELI  O M EGA . V E S . G O T O  O MA G Ft

GAM MA : NOV V C :X , P4 SAVE X— F’ OSI  TI  ON
PlOY IA.  ~: . SAVE SI C’F’E
MCI V I E: , P2 • SAVE I NTERC EF’ T

• MDV #1 , PC’ • P0= 1
BR (

~K4 .. 6010 01 (4
B E T A :  AC’ !) P 2 . 12  -‘ F’2 R2+R3

AC”!) *50. . F:4 F’4=R 4+50
CPI P # 7 7 7 E., 14 -‘ 4095 (=R4?
BL E 0111 • YES. GC’TO OUT
(:111’ * 77;’ E. . P2 • 4 C ’ 9 S~~=F’ 2~’
BLE (‘LIT -‘ Y ES.  6010 OUT

OMEGA : PlOY P4 . LF’SVCX .; D I S P L A Y  A DOT
PlO V P 2. 1 F’ S V C V
BR 0 1 4  ; 6010 (‘1(4

Oil I - 110 V “5 F’ .:‘ + • 1:5 • F’ (‘F’ PS
1l~IV ‘~SF’>+ . P4 .101’  P4
MCIV ‘.SF’ +. R: . f’ (p 

~~MDV ‘ SF’ ;’ + . P2 • P01 P2
M(i \.~ .. 51’ + • R I , F’ CI F’ ~ j
MCIV SF’)+, PU P01 PC’
P- IS  PC • R E T U R N

V C ‘~~ : . N 01’ C’ ~t
IA - W O IC ’ C’

: IS .  - W O R D  0
~‘ I R S T :  14 01’!)
L A S T :  . W OF. C ’

- EPIC’

‘I

a

I

t
C2 2 — N!~:W3 55.MA C (Continued)
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- CSE C- T~
- T I T L E  [ ‘ 1SF’ THE ( ‘A lA OF 1UC’~ HZ
. GLOE: L ( ‘ ISP. ~ SH OP’J
L F SVC . =1704 16
LF’SVC ;:=j?042C’
L P S V C Y =t~’U42 2

P-i C A L L - - ‘12 - P E G D E F

RE GD E F
- MA C RO SHCl.4 A .  E’ . 

~. 
, MA C - R D CALL FOP

N O V *A.  ~“PC’S1 • D I S P L A Y I N G  X — A X I S
N O V #E : , X F’ CS -
MC’V nC
JSR P C .
- EU( ’M

() ISP MD’.-’ 10. — : SF’ ” • PUS- H RU
PlOY F t . — ’  S- F’ ; -‘ P U SH  R I

1 P-10V 12. — SF’ ‘ . F UE. H P2
N O V  F-

~
- . — ‘  . F IV- H P2

PlO’,” 14 , — :. • F U 5~ -I F’4
t i n ’ ,.’ I S .  — SF’ ‘ . P U S H  PS

2’ ’ 1:5” PU . S ET LIP PC ’ N I IR ADDF :ESS —

PlOY i~4 t F . .5~’ . 11 .. EE l UF’ Pt

~E . ( F 5 ’ . 12 • S ET UI’ P2
~1U ’ l’5 ’ .~~Ej.E 1’j SET LIP F.’ESERI

I’1CI\’ 11. FIRST SA\.’E RI —

MCI V 1:2, tA TA2 - . S A V E  P2
SUE: Fl ,  12’ -, F2 = R 2 — R i = C ’ A T A  F’ OIP J TS
PlOY P2. [ ‘A T A I  SAVE NO. OF ( A l A  ITS
CLI: 15

DEVI S UE #4 ,  12  . R5~~S’ 2’ ’4
INC PS
C~1 *4 1:2
E .LE
1-1 (1” F 5, L A S T  • S A V E  P’S

OMEGA A SL 11 . F’~ =2sR1
At’!) 11 . 10 F€’~ A (tPESS OF F I ~ST (‘AlA

FIRST . P1 .11 N2 ’ . OF F I RS T DATA
f E C  11 - -

S T A R T  C L F LF’S ’ .-’ C:- :  , L F ’ S V C : ~:=0
(111 CMI ‘~1C’ ‘ . 0 — L ’ 0  . VR L U E — 1 C ’ C t ’

SUE A l l HA . PlO. 601(1 AL F’HA
A f t’ *4. F~’ . 5k IF’ T W O ( ‘A lA IT S
At ’ !) $ . ‘ . F 1,
A l t) • I F  :‘.‘c ;. . .

# :  .~c’c’ • F • Z 5 F ’ L A ~’ IN SF ECI F i L FOR N

~i1 PH~ t1 ’ — Y . -‘ .‘~~~~~~~ - ~4 • S A ”E  D A T A  IN P4 H
I~~C R I  . F ’1=~~1’1
( 1 F  

~~~~~~ (-~‘~~A2’ - ~I f ’ A T A .

C2~ 
- ,~r .433 LMAc , D1Np 1.i~’ii ig flar.t ~nd Horizontal Coordinate 
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BLI CPT2 ; ‘i’ES, 601(1 CR12
JMP OUT 6010 OUT

CRT2 : MDV *2002.. LPSVC SET LIP THE 5~:OF’ER EA D Y :  .1515 LF’SVC ; SCO F’ E REA DY ?
SF1 READY NO, WAIT
CP1F’ *480.  • P4 4 E0 ( NO.  CF c:CIUNTS-?
BLT GFIMIIAO YES, 6010 GRP1MRO
PlOY # 25 00 .  .1’S ; DIS F’LAY IN SPECIAL FORM
E:R HOVEl G O T O MCIVEI.

GAMP ’ iA O: CMF’ *0, R4 ,
SIT GANMA I ; YES 1 6010 GAMMAI.
NOV *200. , R’S • P5=200
ADD *50. , LF’ SVC X
J ’j F’ t-10V E~ 6010 IICYE

G A M M A I :  CIII’ *200(1. , P4
661 OFiMNA2
r~iov o::~,o. ,
At’!) *7, LPSVC~:
j  H F’ MO YE 2

GAI-UIA2 : f-1 Ci~:’ *E5c lOU , F:2 ; ‘Oll E;LE—PPEC:l S I  (IN
t iov st :-o. P 2:
CLR 1:5

D EV 2 .  SUE: 1:4, P2 • 1:5=1, E.cIU’ 000. 1:4
SEC P2.
INC PS
CliP 1*0. 1:2:
SNE [- E\ ’2

t C I’ll- F: 4, 1:2
E:LE (‘EY2

IIOVEj. : CLR F~ . R~~~0
NOV LAST , P2 SET UP P6
SUE; P2, P4
I l-I C 1:5
C-HP P2. 1-4
E:LE t-’EV2 .

P ., LF’SYC~-:
MOVE 3; PlOY P5~ LPSVC .Y , (‘I SPLAY A DOT ON S~: Of ’ E

NOV P5. TEST
NOV LF’SVc:>, XSC A L E
CIII’ (-‘ATAI. *isc’. DATA F ’1S> 150?
561 01(01 Y ES , GO t C : 01(01
CLR P2.
N c’ V F.: 1. 1-4

01(0: SUB *12. P4 P4/1c 1 1’2
11-I C ~~
CP1P *12, 14
S’LE 01cC’
C I’IF’ *0. 14 • R4 =0 ’

• BEQ 01(1 Y ES , 6010 01(1
JP’1P CF:Ti NO. GOTO CR11

01(1: SUB *12. 15 , P5/10

C23 — NEW333.MAC (Continued)
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Crl F’ *i~~, F’:
S LE Oki
C-I’ll’ #0 .1 - : I ~‘:=o”
EEC’ CI~ 01 . Y ES.  601(1 CILOl
SHOW SF lI CE 1 SF’AC E1 S F A CE ; VERT I. LINE ON SCOPE
JIIF’ CR11 ; GOT O CR11

Ol~01 : CrlF’ *100. . I i
E:PI E (‘I 11
SHCI I.l NI,. PlO . NO • (ISF ’LAY 1(10 AN D VEI :TI.
J r-I F’ CR1 1 - L INE (‘N SCC IFE

c.~
-. ii - C:r-iF’ *200.  • RI

E : P1 E O~ ‘l
S H O i J  112. ‘JOe NC ’  [ ‘ I S F L A Y  200 AND V E R T I  -

J I-i F’ C 1: TI . L I PiE 011 5 C- OF E
O~ 21: CFIF’ s :oo  .1:1

BN E oL:- i.
SHOW PC’ . NO.. MU • [‘I S F - LAY 20 0  AN !) V E R T  I
~T t-1 F ‘ F. Ti . L I ~E ON SC:C I F’ E

C-i ;~~i - C r-i F’ #4 0 ( 1  .

BIlE CI’~4 1
S l-i O L’J M I .  NO .  ~.O ‘ [ ‘ I S - F - L A ’,’ 4cl cl A N t’ V E F: l I .

C F T 1  . L INE 014 SC. O F’ E
(1~: 4 1 C P11’ *5C’D .

E:NE Cu 51
MS . NO , 110 • (‘I ~~ L A Y  5(10 A Nt ’ V E R T I  -

C F T i. . I I ME (III 5(: (IF’ E
(IsSi - (JIF- $EUO . . 1:1

EP IE O ~1
SHOW PJ’~ . NO. . 140 DI SF’LAY EU@ AN(:’ \.‘EPTI -

Jill (P-T i t IPIE ON SC:OF- E
CIII’ #700. RI
BIlE 0’ 71
S-HON PC’, 140, 110 . C I SF ’ LAY 7 0 0  A Nt” VEI: T I -
JPIP (1:11 . L IPJ E (‘U SCC’F’E

0) 7 1.  C- l iP *~~0U. • 1:1
E:NE £ ‘i.Cl
S-HOW 118, 11€’. NC’ , f- I 511 AY 8(10 FIND V EF’ T I -

Jr -il’ C 1:11 .1 IHE 014 SCCI F’E
01(31 : C NP #90(1. •

E: PJ E (I~:~’j
SHOIJ Pl~’, MO . 140 . (.1 SPLAY 9(10 AN D VERTI.
J i-1F’ (111 . L I P I E ON S - C O l E

- 
- ‘D 91 - C l I P  $ i O U € i . . 1:1

GNE C’i;ic’i
SHOP-I III. HO • 11~I . C’ I SPLAY 100 All!) \.E1-’T I

OP..101 - J~iF’ CF- Ti . L IPIE ON SCOPE
0111 ?-iO\ ” LA S T .  F. ESFI’ t . ~-A ~

.’E RESEll
il DY 5 F’ ;‘ + . I’S - 10 F’ 1:5
ItCh- ’ ~ 5F - :’ + .  P4 . P01’ 1:4
~

- ‘ C’ V SF’ .’ + . F’ 2 • F (‘F’ F’ ~
SF ~‘ ~~~. 12’ -, F 01 1.2 H

C23 - NEW333.MA C (Continued)
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PlOY ‘.51’ - ‘+ , RI • POP Pj
N O V  SF “ +~ 10 ; FOP P0
ITS IC . PET UPN

P ESER I : - W O R D
DATR I : - 1-lOP!) C’
DATA2 . WORD

- (SECT SCOFF •S - E CT ION FUR DATA
FIRST: WORD
L A S T :  . WC ) F.:!)

- C S E C T  ::C’ FiTR . S E C T I C ’ N FCI F’ ~ — VA L1’E
XPO S I : - E:LkW ::

~< PO S2 :  - SLI-”W :
- ~~~~

X S C A L E .  liON’ 0
lEST . WOR D

(SECT N~,i M F : E F’ • SEC T I  CM FOR HUllER IC AL
NO E: ’T ’T E 7 E .  121. 111, I~’5 . ‘

~~ C HAF ’ l I (T EFS
N i. - E:YTE 0.. iO~~- 177. 100. C’
P12 ~- ‘?TE 1 42 .  12J . 111, 105. ~~~112. E: ’,’TE 42.  101, ill-ill.. ~~~

‘-
~

E YIE :o. : 4 -  £ 2 .  177 .  ~~us.  - E ’~’TE 4~~. ic’s. i o s -  ~~ E .  :- j
PJ~ - E :Yt E 7t. - 1!~~. III , 111.
117 - E :Y TE 101. 4~~ 1. 1.’ “

113 BY TE ~~~R.  IL.. 111’ 111. ~~~~~

119 .  BY T E  4~~. ~1~~- 111 .1 1 1 ,
S - PAC E - B Y T E  0.  cc . ~ c c. o

E~” E N
(S E C T
END (-IS- F

4
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